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Article  I. 

Some  Account  of  the  late  Smithson  Tennant,  Esq, 

VY  E  announced  in  a  former  number  the  death  of  Smithson  Ten- 
nant, Esq.  F.  R.S.  Professor  of  Chemistry  in  the  University  of 
Cambridge :  we  shall  now  proceed  to  lay  before  our  readers  some 
account  of  his  life,  studies,  and  character. 

Mr.  Tennant  may  be  considered  as  one  of  those  "  who,  without 
much  labour,  have  attained  a  high  reputation,  and  are  mentioned 
with  reverence  rather  for  the  possession  than  the  exertion  of  un- 
common abilities."  *  Of  such  a  man  it  is  perhaps  impossible  to 
give  an  account,  which  will  satisfy  the  judgment  of  his  friends, 
without  being  suspected  by  others  of  considerable  exaggeration. 
Mr.  Tennant  is  only  known  to  the  public  by  his  papers  in  the 
Philosophical  Transactions,  which,  however  admirable  as  speci- 
mens of  his  scientific  powers,  afford  a  very  inadequate  idea  of  the 
real  extent  of  his  genius  and  knowledge.  These  were  in  many 
respects  so  extraordinary,  that  it  would  be  taking  a  most  imperfect 
view  of  his  intellectual  character  to  consider  him  only  as  a  man  of 
science.  Some  attempt  therefore  ought  to  be  made  to  do  justice  to 
his  other  distinguished  attainments  j  although  a  certain  degree  of 
caution  is  obviously  requisite  in  speaking  of  those  qualities,  how- 
ever remarkable,  which  cannot  be  duly  appreciated  except  by  hit 
particular  friends. 

Smithson  Tennant  was  the  only  child  of  the  Rev.  Calvert  Ten- 
nant, younger  son  of  a  respectable  family  in  Wensley-dale,  near 
Richmond,  in  Yorkshire,  and  Vicar  of  Selby  in  that  county,  where 

*  Dr.  Jobaapn's  Life  of  j^dmund  Smith. 
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2  Biographical  Account  of  [July^ 

Mr.  Tennant  was  born  on  the  30th  of  Nov.  1 761.  His  mother, 
whose  maiden  name  was  Mary  Daunt,  was  the  daughter  of  a  surgeon 
of  the  same  town. 

Of  his  father  little  is  known,  except  that  he  had  been  a  Fellow  of 
St.  John's  College,  Cambridge,  and  was  a  friend  of  Dr.  Ruther- 
forth,  Regius  Professor  of  Divinity  in  that  University.  He  was 
spoken  of  by  his  son  with  the  most  affectionate  gratitude  for  the 
care  he  had  bestowed  on  his  education.  To  this  he  appears  to  have 
devoted  himself  from  his  son's  earliest  infancy;  since  he  began  to 
instruct  hiui  in  Greek  when  he  was  only  five  years  of  age. 

He  had  the  misfortune  to  lose  his  father  when  he  was  about  nine 
years  old;  and  some  years  afterwards,  shortly  before  he  attained  the 
age  of  manhood,  was  deprived  also  of  his  niother,  by  a  very  me- 
lancholy accident.  She  was  thrown  from  her  horse,  whilst  riding 
with  her  son,  and  killed  on  the  spot. 

Mr.  Tennant's  education  subsequently  to  his  father's  death  was 
irregular,  and  apparently  somewhat  neglected.  He  was  sent  suc- 
cessively to  different  schools  in  Yorkshire,  at  Scorton,  Tadcaster, 
and  Beverley.  He  is  described  by  one  who  recollects  him  at  the 
first  of  these  places  as  being  of  a  grave  and  pensive  cast,  with  the 
appearance  of  being  indolent  and  dispirited,  and  rarely  joining  in 
the  amusements  of  the  rest  of  the  boys.  Being  an  only  child,  and 
under  little  restraint  when  with  his  mother,  he  appears  to  have  left 
home  with  singular  reluctance,  and  to  have  had  Uttle  enjoyment 
while  at  school.  There  is  reason  indeed  to  believe  that  he  looked 
back  upon  this  period  with  no  agreeable  recollections,  since  he  very 
seldom  alluded  to  the  events  of  his  early  life ;  and  it  is  in  the  re- 
collection of  the  writer  of  this  narrative  that,  on  reading  Mr. 
Gibbon's  Memoirs,  he  entirely  concurred  in  the  protest  which  the 
historian  has  entered  against  the  "  trite  and  lavish  praise  of  the 
happiness  of  our  boyish  years." 

His  talents  were  not  suspected,  and,  if  they  had  been  known, 
.would  scarcely  perhaps  have  been  understood,  by  those  concerned 
with  his  education.  He  appears,  indeed,  to  have  been  little  in- 
debted for  the  eminence  which  he  afterwards  obtained,  to  any  of 
his  various  instructors,  and  may  be  considered  in  a  great  measure  as 
.self-educated.  This  is  perhaps  more  or  less  true  of  every  pei-son  of 
distinguished  talents  or  vigorous  understanding.  That  it  was  in  a 
remarkable  degree  the  case  of  Mr.  Tennant,  will  be  evident  from 
the  few  anecdotes,  which  are  now  recollected,  of  his  early  life. 

He  gave  many  proofs,  while  very  young,  of  a  particular  turn  for 
.ehemistry  and  natural  philosophy,  both  by  reading  all  books  of  that 
"description  which  fell  accidentally  in  his  way,  and  making  various 
little  experiments  which  the  perusal  of  such  books  suggested.  His 
.first  expeiiment  (as  he  has  himself  related)  was  made  at  nine  years 
,pf  age,  when  he  prepared  a  quantity  of  gunpowder  for  fire-works 
according  to  directions  contained  in  the  Encyclopedia,  or  some 
other  scientific  book  to  which  he  had  access. 

During  tiie  time  he  was  at  school  at  Tadcaster,  he  happened  to 
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be  present  at  a  public  lecture  given  by  Mr.  Walker,  formerly  well 
known  as  a  popular  teacher  of  experimental  philosophy.  Although 
then  very  young,  he  put  several  pertinent  questions  to  the  lecturer 
respecting  some  of  the  experiments,  and  displayed  so  much  intel- 
ligent curiosity  as  to  attract  the  attention  of  the  audience,  and  give 
great  additional  interest  to  the  lecture.  Mr.  Walker,  sensible  of 
the  effect  which  the  boy's  presence  had  produced,  requested  that  he 
would  continue  to  attend  his  lectures  during  the  remainder  of  the 
course. 

From  Tadcaster  Mr.  Tennant  was  removed  to  Beverley,  then 
rather  a  considerable  school,  under  the  care  of  Dr.  George  Croft, 
who  afterwards  obtained  ecclesiastical  preferment  at  Birmingham, 
and  became  known  as  a  controversial  vvriter.  Mr,  Tennant  went 
somewhat  late  to  Beverley,  and  did  not  readily  enter  into  the 
studies  or  discipline  of  the  place.  But,  although  he  viss  singular 
in  his  habits,  and  led  rather  a  sequestered  life  for  a  school-boy,  he 
was  very  far  from  being  idle.  There  was  fortunately  a  good  library 
belonging  to  the  school,  containing  a  great  collection  of  miscella- 
neous books,  to  which  he  devoted  as  much  time  as  was  in  his  power. 
His  studies,  even  at  that  early  period,  were  principally  directed  to 
works  of  natural  philosophy ;  and  Sir  Isaac  Newton's  Treatise  on 
Optics  was  one  of  the  books  which  he  read  with  the  greatest 
eagerness. 

About  the  time  of  quitting  school  he  was  very  desirous  of  com- 
pleting his  education  under  Dr.  Priestley,  wliose  reputation,  in 
consequence  of  his  brilliant  pneumatic  discoveries,  was  then  at  its 
height.  His  mother  seems  to  have  been  disposed  to  gratify  him  in 
this  particular ;  but  the  design  was  found  to  be  impracticable,  in 
consequence  of  Dr.  Priestley's  other  engagements. 

With  such  tastes  and  habits,  it  cannot  be  supposed  that  Mr.  Ten^ 
nant,  at  the  time  of  his  leaving  school,  was  a  very  regular  or  accu- 
rate classical  scholar.  Yet  for  every  really  useful  purpose  he  pos- 
sessed the  full  advantages  of  a  classical  education.  He  had  a 
competent  knowledge  of  Greek,  and  was  well  versed  in  the  Latin 
language.  What  was  still  more  important,  he  had  acquired  a  strong 
feeling,  and  rational  admiration,  of  the  great  writers  in  those  lan- 
guages, whom  he  justly  regarded  as  the  standardly  of  true  taste,  and 
models  of  literary  composition  ;  and  he  continued  during  the 
whole  of  his  life  to  be  a  diligent  reader  of  the  principal  Latin 
Classics. 

In  the  choice  of  a  profession,  his  attention  was  naturally  directed 
to  the  study  of  medicine,  as  being  most  nearly  allied  to  his  philo- 
sophical pursuits.  He  went  accordingly,  about  the  year  \'J^\.,  with 
that  view  to  Edinburgh,  where  he  had  the  best  opportunities  of 
gratifying  his  favourite  tastes;  and  he  had  the  good  fortune  to  meet 
with  an  instructor  in  the  celebrated  Dr.  Black,  well  calculated  to 
stimulate  and  diiect  his  curiosity. 

-    Of  his  companions,  studies,  or  occupations  at  Edinburgh,   no- 
thing particular  is  known.     His  stay,  indeed,  at  that  University, 
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was  of  no  long  continuance;  for  in  October,  1782,  he  w«s  ad* 
mitted  a  Member  of  Christ's  College,  Cambridge,  where  he  begau 
from  that  time  to  reside.  He  was  at  first  entered  as  a  Pensioner } 
but,  disliking  the  ordinary  discipline  and  routine  of  an  academical 
life,  he  obtained  an  exemption  from  those  restraints  by  becoming 
shortly  afterwards  a  Fellow  Commoner. 

It  was  at  this  period  that  he  brgan  to  be  intimately  connected 
with  Sir  Busick  Harwood,  the  late  Professor  of  Anatomy  at  Cam* 
bridge,  then  also  a  Fellow  Commoner  of  the  same  College.  During 
a  long  residence  in  the  University,  Professor  Harwood  was  fami- 
liarly known  to  a  very  extensive  circle  of  acquaintance,  by  noany  of 
whom  he  was  perhaps  chiefly  valued  for  his  social  and  convivial 
qualities.  He  had  other  merits,  however,  which  were  of  a  much 
higher  order;  and  at  the  time  when  he  first  became  acquainted  with 
Mr.  T^  there  were  some  circumstances  connected  with  his  history 
and  situation,  which  gave  a  peculiar  interest  to  his  character. 

Sir  B.  Harwood  had  gone  out  early  in  life  to  the  East  ladies^ 
where  he  had  obtained  a  competent  fortune  as  a  surgeon ;  but  being 
compelled  by  ill  health  to  return  to  his  native  country,  he  lost,  by  th« 
misconduct  of  an  agent,  nearly  the  whole  of  what  he  had  acquired. 
With  the  most  cheerful  and  manly  firmness,  he  began  again  his 
career  of  life  ;  and  with  that  view  had  entered  himself  at  Cam* 
bridge  at  a  much  more  advanced  age  than  usual,  for  the  purpose  of 
obtaining  a  medical  degree.  His  misfortunes  and  the  spirit  with 
which  he  rose  above  them,  added  to  his  liberal  and  benevolent  dis- 
position, his  practical  skill  in  medicine,  his  knowledge  of  anatomy, 
and  physiology,  and  his  interesting  accounts  of  the  remote  coun- 
tries in  which  he  had  lived,  produced  their  natural  effect  upon  an 
ingenuous  and  inquisitive  mind  ;  and  although  there  was  a  great 
disparity  in  the  ages  of  Mr.  Tennant  and  Professor  Harwood,  and 
a  considerable  difference  in  their  tastes  and  habits,  a  cordial  and 
sincere  friendship  was  soon  formed  between  them. 

Having  entered  somewhat  late  at  Cambridge,  and  being  des- 
tined for  the  medical  profession,  Mr.  Tennant  did  not  pay  any 
great  attention  to  the  regular  course  of  academical  reading,  or  de- 
vote much  of  his  time  to  the  study  of  mathematics.  He  acquired^ 
however,  a  general  knowledge  of  the  elementary  parts  of  that 
science,  and  made  himself  master  of  the  most  important  proposi- 
tions in  Newton's  Principia.  But  his  attention  at  this  period  was 
principally  directed  to  chemistry  and  botany  ;  and  it  may  be 
recorded  as  an  instance  of  his  early  progress  in  the  former  science, 
that  about  the  time  of  his  residence  at  Cambridge  he  mentioned  to 
some  of  his  friends  the  substance  of  an  experiment  respecting  heat— - 
which  he  did  not  make  public  till  more  than  twenty  years  after- 
wards. The  experiment  here  alluded  to  consisted  in  a  mode  of 
effecting  a  double  distillation  by  the  same  heat,  in  consequence  of  a 
diminished  pressure  of  the  air ;  which  he  communicated  to  thft 
Royal  Society  in  1SI4,  and  forms  the  subject  of  his  last  paper  pub- 
lished in  the  Philosophical  Transactions. 


1615.]  Smithson  Temianif  Esq,  Sf 

The  attention  of  the  chemical  world  was  at  this  time  principally 
engaged  by  the  great  controversy  respecting  the  antiphlogistic 
theory,  which  experienced  much  opposition  in  England.  It  may 
perhaps  be  worth  mentioning  that  Mr.  Tennant  entirely  satisfied 
himself  as  to  the  truth  of  this  doctrine,  when  at  Cambridge,  at  a 
very  early  period,  and  long  before  it  obtained  a  general  reception 
ill  this  country. 

But  while  engaged  in  these  scientific  pursuits,  he  was  at  the 
same  time  a  very  gerieral  reader  of  all  the  most  interesting  worksiu 
polite  Inerature,  history,  metaphysics,  and  especially  in  political 
economy,  whici\  was  one  of  his  favourite  studies,  and  on  which 
he  had  already  made  many  just  and  original  observations.  Yet, 
although  he  was  thus  incessantly  employed,  there  was  a  sin- 
gular air  of  carelessness  and  indifference  in  his  habits  and  mode  of 
life;  and  his  manners,  appearance,  and  conversation,  were  the 
most  remote  from  those  of  a  professed  student.  Kis  College  rooms 
exhibited  a  strange  disorderly  appearance  of  books,  papers,  and 
implements  of  chemistry,  piled  up  in  heaps,  or  thrown  in  confusion 
together.  He  had  no  fixed  hours  or  established  habits  of  private 
fctudy;  but  his  time  seemed  to  be  at  the  disposal  of  his  friends; 
and  he  was  always  ready  either  for  books  or  philosophical  experi- 
ments, or  for  the  pleasures  of  literary  society,  as  inclination  or 
accident  might  determine.  But  the  disadvantages  arising  from 
these  irregular  habits  were  much  more  than  counterbalanced  bv 
extraordinary  powers  of  memory  and  understanding;  and  especially 
by  a  faculty,  for  which  he  was  remarkable,  of  reading  with  great 
ttipidity,  and  of  collecting  from  books,  by  a  slight  and  cursory  in- 
spection, whatever  was  most  interesting  and  valuable  in  their  con- 
tents. 

It  was  during  Mr.  Tennant's  residence  at  Cambridge  that  his 
principal  friendships  were  formed  ;  and  the  recollection  of  those 
who  best  knew  him,  will  dwell  upon  this  happy  period  of  his  life 
with  a  fond  and  melancholy  pleasure.  His  health  was  then  vigorous, 
his  spirits  were  constant  and  unwearied,  and  his  talents  for  society 
perhaps  yet  more  striking  and  brilliant  than  in  his  after  years.  He 
was  distinguished,  even  at  that  early  period,  by  an  extent  of  infor- 
mation, and  maturity  of  judgment,  which  might  have  seemed  to 
be  the  results  of  a  long  life  of  study  and  reflection  ;  and  these  ex- 
traordinary attainments  derived  an  additional  interest,  and  peculiar 
grace,  from  the  simplicity  of  his  manners,  the  playfulness  of  his 
wit,  and  the  careless,  fascinating  beauties  of  his  conversation  I 

The  summer  of  17*4  was  employed  by  Mr.  Tennant  in  travel- 
ling into  Denmark  and  Sweden,  partly  to  examine  the  great  mines 
for  which  the  latter  country  is  remarkable,  but  principally  for  the 
purpose  of  visiting  the  celebrated  Scheele,  for  whom  he  had  con- 
ceived a  high  admiration.  He  was  much  gratified  by  what  he  saw 
of  this  very  eminent  person  ;  and  was  particularly  struck  with  the 
simplicity  of  the  apparatus  by  which  his  great  experiments  had  been 
performed.    On  his  return  to  England  he  had  a  great  pleasure  in 
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showing  to  liis  friends  at  Cambridge  various  mineralogical  speci- 
mens with  which  Scheele  had  presented  him,  and  in  exhibiting  to 
them  several  interesting  experiments  which  he  had  learned  from 
that  philosopher. 

His  nervt  journey  to  the  Continent,  a  year  or  two  after  his 
Swedish  expedition,  was  to  Paris,  where  he  became  acquainted  with 
some  of  the  most  considerable  French  chemists.  During  his  stay 
in  that  city  he  was  seized  with  a  dangerous  illness;  in  consequence 
of  which  Professor  Harwood,  with  the  kindest  soHcitude,  went  im- 
mediately to  join  him  ;  but  finding  his  friend  nearly  recovered,  he 
accompanied  him  on  a  tour  through  Holland  and  the  Netherlands, 
previously  to  their  return  to  Cambridge. 

The  latter  of  these  countries,  at  the  time  when  it  was  visited  by 
Mr.  Tennant,  was  in  a  state  of  insurrection  against  the  Emperor 
Joseph  11.,  and  exhibited  the  singular  spectacle  of  a  bigotted  people 
resisting  a  philosophic  tyrant,  and  contending  for  their  ancient  pri- 
vileges and  establishments  with  the  zeal  and  ardour  of  an  enlight- 
ened nation. — Holland,  then  free  and  prosperous,  presented  a  scene 
still  more  interesting  and  congenial  to  Mr.  Tennant's  feelings.  He 
saw  in  that  extraordinary  country  a  striking  illustration  of  his  own 
most  favourite  opinions.  He  was  gratified  by  the  triumph  of  intel- 
ligent and  persevering  industry  over  the  greatest  physical  difficulties; 
and  by  the  general  diffusion  of  wealth  and  comfort,  the  natural  effects 
of  unrestrained  commerce,  and  of  civil  and  religious  liberty. 

Such  were  Mr.  Tennant's  voluntary  pursuits  and  occupations 
whilst  in  tlie  prime  and  vigour  of  life,  possessed  of  a  competent 
fortune,  exempt  from  every  species  of  controul,  and  left  to  the  sole 
guidance  of  his  own  disposition  and  understanding.  After  his 
mother's  death,  which  happened  about  the  time  when  he  went  to 
Edinburgh,  he  had  no  near  relations,  and  seems  from  that  time 
to  have  been  entirely  separated  from  his  family  connections.  His 
college  vacations  (except  when  he  was  travelling)  were  passed  with 
an  intimate  friend  in  North  Wales. 

On  the  13th  of  January,  17^5,  he  was  elected,  at  a  remarkably 
early  age,  a  Fellow  of  the  Royal  Society.  Among  the  signatures 
to  his  certificate  of  recommendation  were  those  of  the  most  distin- 
guished nieml)ers  of  that  body,  who  were  connected  with  the 
University  of  Cambridge  ;  namely.  Dr.  Waring,  Dr.  Milner,  Dr. 
John  Jebb,  Dr.  Maskelyne,  and  the  Bishop  of  LlandafF.  With 
most  of  these  Mr.  T.  was  well  acquainted ;  and  with  Dr.  Milner, 
in  particular,  he  lived  on  terms  of  some  intimacy. 

He  had  hitherto  continued  to  reside  at  Christ's  College  from  the 
time  of  his  entering  there  in  the  year  1732;  but  Professor  Har- 
wood having  for  some  reason  determined  to  quit  that  Society,  Mr. 
Tennant  removed  with  him  in  December,  1786,  to  Emmanuel 
College,  of  which  he  continued  ever  afterwards  to  be  a  member. 
In  the  yt-ar  1788  he  took  his  first  medical  degree  as  Baclielor  of 
Physic,  and  soon  afterwards  quitted  Cambridge,  and  came  to  reside 
in  lioudpn. 
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In  the  year  1791  he  communicated  to  the  Royal  Society  his 
Analysis  of  the  carbonic  acid.  M.  Lavoisier  had  proved  by  decisive 
synthetic  experiments  that  fixed  air  was  a  compound  of  oxvgen  and 
charcoal ;  hut  no  one  had  yet  resohed  that  gas  into  its  simple 
elements.  Mr.  Tennant  observing  that  phosphate  of  lime  was  not 
decomposed,  when  heated  with  charcoal,  inferred  that  the  joint 
attractions  of  phosphorus  for  oxygen,  and  of  phosphoric  acid  for 
lime,  exceeded  those  of  charcoal  for  oxygen,  and  of  carbonic  acid 
for  lime  j  and  consequently  that  phosphorus  and  heated  marble, 
when  made  to  act  on  each  other,  would  be  resolved  into  phosphate 
of  lime  and  charcoal.  The  correctness  of  tliis  reasoning  was  fully 
justified  by  the  event ;  and  the  result  of  the  experiment  was  not 
merely  the  analysis  of  the  carbonic  acid,  which  was  the  immediate 
object  of  the  investigation,  but  the  discovery  of  a  new  compound, 
consisting  of  phosphorus  and  lime,  possessed  of  several  curious 
properties.  ^ 

The  ingenuity  and  elegance  of  this  experiment  established  Mr, 
Tennant's  reputation  as  a  chemist ,;  and  there  being  at  the  close  of 
that  year  the  prospect  of  a  vacancy  in  the  Jackson ian  Professorship 
at  Cambridge  by  the  resignation  of  Dr.  Milner,  he  was  prevailed 
upon  by  his  friends  to  become  a  candidate  for  that  situation  ;  but 
desisted  from  the  pursuit  on  finding  that  he  had  no  reasonable 
prospect  of  success. 

In  the  year  17^2  he  again  visited  the  Continent,  with  tlie  inten- 
tion of  travelling  through  France  to  Italy,  and  arrived  at  Paris  not 
long  before  the  memorable  lOth  of  August.  He  hardly  recognized 
some  of  his  old  scientific  friends,  now  become  Members  of  the 
Legislative  Assembly,  and  deeply  implicated  in  the  revolutionary 
politics  of  the  times.  From  various  circumstances,  he  anticipated 
some  great  and  speedy  convulsion,  and  was  fortunate  enough  to 
quit  Paris  on  the  9th  of  August,  before  the  fiamc  actually  broke 
out. 

In  passing  through  Switzerland  he  visited  Mr.  Gibbon,  at  Lau- 
sanne, and  was  much  struck  with  his  powers  of  conversation,  and 
the  sagacity  of  his  remarks  on  the  course  and  progress  of  the 
French  revolution,  and  on  the  probable  issue  of  the  invasion  of 
France  by  the  allied  armies  under  the  Duke  of  Brunswick. 

In  Italy  he  was  delighted  with  the  softness  and  beauty  of  the 
climate,  and  the  luxuriance  of  the  vegetation,  and  was  astonished 
by  the  wonders  of  ancient  and  modern  art  at  Rome  and  Florence. 
He  had  hitherto  been  somewhat  sceptical  as  to  the  degree  of  merit 
really  belonging  to  the  great  masters  in  painting,  whose  fame  he 
had  supposed  to  be  founded  principally  upon  exaggeration.  But  he 
was  converted  from  this  error  by  the  great  works  of  Raphael  and 
Correggio;  and  of  the  former,  more  especially,  of  these  distin- 
guished artists,  he  was  ever  afterwards  a  devoted  and  enthusiastic 
admirer. 

He  returned  from  Italy  through  a  part  of  Germany,  and  was 
jiiueh  amused  with  the  mixture  of  science  and  credulity  which  he 
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found  in  some  of  the  German  chemists.  The  philosopher's  stone 
was  spoken  of  with  respect;  and  he  received  from  a  man  of 
science  and  character  an  introduction  to  a  person  who  was  reputed 
to  be  in  possession  of  that  treasure.  Mr.  Tennant  used  to  rfelate 
with  his  own  peculiar  humour  the  solemnity  with  which  he  was 
received  by  this  person  ;  with  whom  he  conversed  in  Latin,  and 
who  exhibited  to  him  the  mysterious  powder,  enlarging  upon  its 
iranscendent  qualities  with  much  pomp,  and  in  flowing  and  sono- 
rous periods. 

On  his  return  through  Paris  in  the  latter  end  of  17-' 2,  of  be- 
ginning of  1793,  he  was  deeply  impressed  with  the  gloom  and 
desolation  arising  from  the  system  of  terror  then  beginning  to  pre- 
vail in  that  capital ;  a  particular  instance  of  which  deserves,  on 
several  accounts,  to  be  recorded. 

Among  his  philosophical  acquaintance  at  Paris,  there  was  onft 
distinguished  by  his  simplicity  and  moderation,  of  whose  excellent 
qualities  he  always  expressed  a  high  value.  This  was  M.  Dela- 
ine therie,  editor  of  the  Journal  de  Physique.  Upon  calling  at  his 
house,  Mr.  Tennant  found  the  doors  and  windows  closed,  as  if  th6 
owner  was  absent.  Being  at  length  admitted,  he  found  his  friend 
sitting  in  a  back  room,  by  candle-light,  and  with  shutters  closed,  ili 
the  middle  of  the  day.  On  his  departure,  after  a  hurried  and 
anxious  conversation,  his  friend  conjured  him  not  to  come  again,  as 
the  knowledge  of  his  being  there  might  be  attended  with  serious 
consequences  to  them  both.  It  should  be  mentioned,  to  the  honout- 
of  this  Gentleman,  that  through  all  the  inquisitions  of  the  revolu- 
tion he  preserved  for  his  friend  property  of  considerable  valu6, 
which  Mr.  Tennant  had  entrusted  to  his  care. 

Soon  after  Mr.  T.'s  return  from  the  Continent,  he  took  chambers 
in  the  Temple,  which  continued  from  that  time  to  be  his  established 
place  of  residence  ;  and  for  many  years  his  society  was  very  much 
limited  to  a  small  circle  of  friends.     Owing  to  accidental  circum- 
stances, his  early  connections  had  been  much  more  formed  among 
students  of  the  law  than  among  those  of  the  profession  which  he 
had  originally  designed  to  pursue,  but  to  which  he  was  gradually 
becoming  more  and  more  indifferent.     He  had  not,  however,  as 
yet  abandoned  the  intention  of  practising  medicine  ;  and  for  several 
years  applied  himself  to  the  cultivation  of  the  studies  connected 
with  that  science,  and  attended  regularly  at  some  of  the  principal 
London  hospitals.     Of  his  industry  and  perseverance  in  this  course 
sufficient  proofs  exist  in  the  medical  notes  and  memoranda  now 
found  among  his  papers;   and  it  is  well  known  to  some  of  his 
friends  that  he  had  also  read  witk  great   attention   most  of  the 
standard  hooks  in  that  science.     Among  these  he  always  spoke  of 
the  works  of  Sydenham   (with  reference  to  the  age  in  which  they 
were  produced)  in  terms  of  the  highest  admiration.     Curiosity  had 
also  led  him  to  examine  the  principal  medical  writers  of  antiquity, 
whose  merits  and  defects  he  correctly  appreciated,  and  upon  whom 
he  had  made  many  curious  and  valuable  remarks.    He  had  takea  a 
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comprehensive  view  of  the  origin  and  progress  of  medicine,  and  of 
the  varioub>  medical  theories  and  opinions  which  have  prevailed  ia 
different  ages  and  countiies ;  and  seemed  on  this  account  peculiarly 
well  qualified  (independently  of  his  practical  knowledge)  to  have 
written  a  pliilosophical  history  of  the  science. 

But  the  question  was  very  different,  how  far  he  was  well  qualified 
to  practise  medicine  with  advantage  as  a  lucrative  profession  ;  and 
the  period  was  now  arrived,  when  this  point  was  to  be  deter- 
mined. Several  of  his  friends,  although  very  doubtful  as  to  the 
ultimate  success  of  the  measure  which  they  recommended,  were 
yet  extremely  desirous  that  he  should  try  the  effects  of  a  regular 
profession  ;  which  they  considered  as  afford mg  the  best  prospect  of 
gJving  an  useful  direction  to  his  talents,  and  fixing  liis  desultory 
habits.  In  deference  chiefly  to  their  opinion,  he  took  his  degree  of 
Doctor  of  Physic  at  Cambridge  in  the  year  J  I^H,  and  for  some 
time  had  serious  thoughts  of  commencing  medical  practice.  But, 
after  some  hesitation,  he  wisely  relinquished  a  design,  which,  whether' 
successful  or  not,  was  unlikely  to  contribute  to  his  happiness.  His 
desires  were  moderate,  and  his  private  fortune  exempted  him  from 
the  necessity  of  following  any  employment  as  the  means  of  sub- 
sistence. He  was  at  liberty,  therefore,  to  indulge  his  own  inclina- 
tions ;  and  his  careless,  independent  habits  of  life,  no  less  than  the 
general  cast  of  his  character  and  understanding,  rendered  him 
altogether  averse  to  the  drudgery  and  restraints  of  a  profession.  It 
may  be  observed  also  as  a  circumstance  by  which  he  was  undoubt- 
edly much  influenced  in  adopting  this  resolution,  that  he  had  suf- 
fered very  greatly,  during  his  attendance  at  the  hospitals,  in  conse- 
quence of  the  acute  and  painful  emotions  he  had  constantly  expe- 
Henced  from  those  sights  of  hopeless  misery  which  he  had  so  often 
occasion  to  witness.  He  justly  apprehended  that  the  frequent 
recurrence  of  such  scenes,  unavoidable  in  medical  practice,  would 
be  destructive  of  his  comfort  and  happiness. 

The  keen  and  exquisite  sensibility,  from  which  these  feelings 
originated,  was  a  striking  feature  in  Mr.  Tennant's  character,  and 
not  only  gave  a  colour  to  many  of  his  opinions,  but  jwYverfully  in- 
fluenced his  conduct.  An  instance  of  his  practical  benevolence,  de- 
rived from  this  principle,  happened  about  this  period,  which  may 
perhaps  deserve  to  be  mentioned.  He  had  a  steward  in  the  country 
in  whom  he  had  long  placed  implicit  confidence,  and  who  was  con- 
siderably indebted  to  him.  In  consequence  of  this  man's  becoming 
embarrassed  in  his  circumstances,  Mr.  T.  went  into  the  country,  in 
order  to  look  into  his  accounts.  A  time  and  place  were  appointed 
for  him  to  produce  his  books,  and  shew  the  extent  of  the  defi- 
ciency; but  the  unfortunate  steward  felt  himself  unequal  to  the 
task  of  such  an  explanation  ;  and  in  a  fit  of  despair  put  an  end  to 
his  own  existence.  Touched  by  this  melancholy  event,  Mr.  T.  used 
his  utmost  exertions  for  the  relief  and  protection  of  the  family 
whom  he  had  left,  and  not  only  forgave  them  the  debt,  but  afforded 
them  pecuniary  assistance,  and  continued  ever  afterwards  to  be  their 
friend  and  benefactor. 
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During  the  course  of  the  year  ]']dS  Mr.  Tennant  communicated 
to  the  Royal  Society  his  paper  on  the  nature  of  tlie  Diamond.  Sir 
Isaac  Newton  had  conjectured  that  this  body  was  inflammable,  as 
was  afterwards  proved  by  the  experiments  of  the  Duke  of  Tuscany 
and  of  Messrs.  Darcet  and  Rouelle.  M.  Lavoisier  effected  its 
combustion  liy  means  of  a  lens,  in  close  vessels,  and  obtained  from 
it  a  gas,  which  precipitated  chalk  from  lime-water.  But  this  was 
at  an  early  period  of  pneumatic  chemistry ;  and  although  he  con- 
cluded that  the  gas  was  fixed  air,  yet  he  did  not  consider  the 
analogy  between  ciiarccal  and  the  diamond  as  very  intimate,  but  as 
depending  only  on  their  common  property  of  being  combustible. 
Tiie  merit  of  completely  ascertaining  the  nature  of  this  substance 
was  therefore  reserved  for  Mr.  Tennant.  He  succeeded  in  burning 
the  diamond  when  reduced  to  powder,  by  healing  it  with  nitre  in  a 
jrold  tube.  A  solution  of  the  alkaline  salt  was  then  poured  into 
liquid  muriate  of  lime ;  and  the  quantity  of  carbonic  acid  which 
had  been  generated  w^as  inferred  from  the  weight  of  the  precipitate, 
which  was  found  to  consist  of  carbonate  of  lime. 

From  experiments  made  upon  minute  quantities  of  diamond 
powder,  not  exceeding  2\  grains,  he  shewed,  by  comparing  tliem 
with  Lavoisier's  experiments  on  charcoal,  that  equal  weights  of 
diamond  and  cliarcoal  yield  equal  quantities  of  fixed  air,  and  that 
fixed  air  contains  between  27  and  27'8  per  cent,  of  diamond  ; 
results  which  very  nearly  agreed  with  those  of  M.  Lavoisier,  and 
were  subsequently  confirmed  by  the  investigations  of  Messrs.  Allen 
and  Pepys. 

In  the  course  of  his  investigation  of  the  diamond,  Mr.  Tennant 
observed  that  gold  and  platina  were  corroded  and  dissolved  by  heated 
nitre  ;  and  that  on  the  addition  of  water  to  the  salt,  the  metals, 
owing  to  the  presence  of  nitrite  of  potash,  were  in  a  great  measure 
precipitated.  These  appearances,  together  with  some  peculiar  pro- 
perties of  the  nitrous  solutions  of  gold,  were  the  subject  of  a  fur- 
tiier  communication  to  the  Royal  Society  in  I'J^'J. 

It  is  worthy  of  remark,  that  Mr.  Tennant  had  ascertained  the 
true  nature  of  the  diamond  some  years  before  he  made  the  above 
communication  to  the  Royal  Society.  In  conversing  about  this 
time  with  a  particular  friend,  whom  he  was  attending  with  affec- 
tionate care  during  a  lingering  illness  in  the  spring  of  IJ^S,  he  hap- 
pened to  mention  the  fact  of  this  discovery.  His  friend,  who  had 
often  lamented  Mr.  T.'s  habits  of  procrastination,  urged  him  to  lose 
no  time  in  making  his  experiment  public;  and  it  was  in  conse- 
quence of  these  entreaties  tiiat  the  paper  on  the  diamond  was  pro- 
duced. A  still  more  remarkal)le  example  of  the  same  indolence  or 
inattention  occurred  in  the  case  before  alluded  to  of  the  paper  on 
double  distillation,  communicated  to  the  Royal  Society  in  1814, 
the  substance  of  which  he  had  mentioned  to  some  of  his  friends 
during  his  residence  at  Cambridge. 

These  facts  are  meinorable  and  instructive  instances  of  the 
strength  and  weakness  of  Mr.  Tennant's  mind.  His  curiosity  and 
activity  were  incessant;  he  had  a  vigilance  of  observation  which 
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suffered  nothing  to  escape  him,  and  was  continually  gaining  new 
information  from  a  variety  of  interesting  sources.  But  although 
the  knowledge  thus  acquired  was  remarkable  for  its  correctness,  and 
complete  for  the  purposes  of  its  possessor ;  yet  the  industry  and 
perseverance,  by  which  it  ought  to  have  been  embodied  and  made 
|)ermanent  for  the  benefit  of  others,  were  too  often  altogether 
wanting.  The  ardour  and  energy  of  Mr.  'J'ennant's  n)ind  co^ 
operated,  unfonunately  in  this  respect,  with  his  want  of  method 
>nd  of  systematic  habits  of  application;  since  he  was  constantly 
pressing  on  to  new  discoveries,  instead  of  arranging  and  bringing 
to  perfection  those  which  he  had  already  made. —  His  memory  was 
a  great  storehouse  of  discoveries  and  hints  for  discovery,  of  ascer- 
tained facts,  probable  conjectures,  and  ingenious  trains  of  reasoning, 
relative  to  the  various  important  subjects,  upon  which  he  had  at  any 
time  been  engaged.  These  he  was  continually  treasuring  up,  with 
the  intention  of  reducing  them  to  order  and  preparing  them  for  use 
at  a  more  convenient  season.  But  that  period  rarely  arrived.  In 
the  carelessness  of  intellectual  wealth,  he  neglected  the  stores  of 
knowledge  which  he  had  accumulated,  and  suffered  them  to  remain 
useless  and  unproductive,  till  his  attention  was  recalled  to  them, 
perhaps  after  a  long  course  of  years,  by  some  new  fact  or  discovery, 
some  remark  in  conversation,  or  other  accidental  occurrence.  It 
is  yet  to  be  ascertained,  by  a  careful  examination  of  his  papers, 
whether  any  fragments  of  this  great  body  of  knowledge  still  re- 
main, which  can  now  be  converted  to  use;  whether  any  of  his 
various  discoveries  not  hitherto  made  public  (some  of  which  un- 
questionably were  important)  are  capable  of  being  traced  out  and 
understood  from  the  loose  and  imperfect  hints  which  his  scattered 
notes  may  furnish.  But  there  is  too  much  reason  to  believe  that  the 
far  greater  part  of  them  existed  only  in  the  mind  of  their  author, 
and  that  with  him  they  have  unfortunately  perished! 

(Tb  be  continued.') 


Article  II. 

Account  of  a  Toad  found  in  the  Trunk  of  a  Beech. 
By  Thomas  Lauder  Dick,  Esq. 

(To  Dr.  Thomson.) 

SHI, 
In  your  Journal  for  this  month,  which  has  just  reached  me,  I 
observe  some  queries  have  been  proposed  relative  to  toads  found  in 
xocks  and  trees.  I  agree  with  you,  that  in  every  such  instance  some 
fissure  will  be  found  communicating  with  the  external  air,  nor  have 
I  ever  heard  of  any  well-authenticated  case  to  the  contrary.  I  am 
led  to  trouble  you  with  this,  not  with  any  riew  of  throwing  light  on 
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this  part  of  the  subject,  but  to  state  to  you  a  recent  instance  of  one 
6f  those  animals  being  found  in  a  very  singular  situation.  I  was  not 
an  eye- witness ;  but  the  person  who  iias  charge  of  my  father's 
woods  here,  a  man  for  whose  integrity  I  can  be  answerable,  told  me 
the  particulars. 

A  quantity  of  timber  being  felled  here,  a  Wright,  who  had  made 
Some  purchases,  came  to  take  his  trees  away,  and  amotzgst  the  rest 
a  beech,  which  had  grown  with  a  smooth,  straight,  unbranched, 
Stem  of  about  30  feet  high,  above  which  it  divided  into  two  largft 
liml)s.  As  this  tree  was  lying  on  the  ground,  the  wright  and  hit 
man  set  about  cross  cutting  it  with  a  saw  just  below  the  cleft,  when, 
to  their  surprise,  the  stem  was  no  sooner  divided  than  a  large  toatl 
crept  out  of  a  circular  hole,  the  upper  and  smaller  part  of  which 
had  been  cut  off  by  the  saw.  As  far  as  I  can  make  out  from  con- 
versation with  the  man  above  alluded  to,  the  tree  had  all  the  ap- 
pearance of  being  quite  solid  above  ;  yet  I  have  no  doubt  that  some 
slight,  though  perhaps  almost  imperceptible,  communication,  must 
have  existed  from  the  fork  into  tiie  hole  where  the  toad  was  lodged; 
and  I  am  the  more  satisfied  of  this  from  the  account  which  the  man 
gives  of  the  appearance  of  the  interior  of  the  hole,  which  seemed 
to  be  sheathed  all  round  with  something  resembling  bark. 

But  the  curious  query  arising  from  this  fact  is,  how  came  a  toad 
to  be  lodged  so  high  ?  The  toad  has  no  power  of  crawling  perpen- 
dicularly so  as  to  have  ascended  the  smooth  bark  of  a  straight  tree 
to  such  a  height.  I  know  from  my  own  observations  that  trees 
grow  in  altitude  in  two  ways  :  1st,  Something  is  annually  added  to 
the  height  of  the  tree  by  the  new  shoots  :  and  2dly,  in  addition  to 
this  mode  of  increment,  the  whole  tree  seems  to  stretch  itself  yearly 
out  of  the  ground,  throughout  its  entire  length,  to  a  very  consider- 
able extent,  as  I  have  proved  by  measuring  the  height  of  knots 
upon  trees  at  different  periods.  But  with  all  this  I  do  not  think  it 
very  rational  to  suppose  that  the  cleft  in  question,  which  may  have 
once  extended  quite  down  to  the  hole,  could  have  ever  existed  so 
near  tiie  ground  of  a  size  sufficient  to  have  admitted  of  a  toad 
crawling  into  it.  The  only  way  in  which  it  appears  to  me  that  this 
circumstance  can  be  accounted  for,  is  by  supposing  that  the  spawn, 
after  being  removed  from  the  female  by  the  obstetrical  aid  of  the 
male  toad,  must  have  been  transported  and  dropt  into  the  cleft  of 
the  tree  by  some  bird. 

As  to  what  Pennant  and  others  say  of  the  obstetrical  aid  afforded 
by  the  male  to  the  female  toad,  I  am  led  to  suspect  that  the  object 
of  the  operation  is  more  for  the  purpose  of  impregnating  the  spawa 
as  it  is  dragged  from  the  female  than  any  thing  else.  It  appears  to 
be  the  same  with  frogs.  In  the  course  of  a  solitary  walk  in  the 
beginning  of  last  March,  my  attention  was  excited  by  an  uncom- 
mon commotion  in  a  shallow  pool  of  water  not  much  more  than 
four  feet  square.  My  approach  to  ascertain  the  cause  being  rather 
too  hasty,  I  had  only  time  to  observe  it  was  occasioned  by  a  parcel 
of  frogs,  when  immediately  on  my  advance  they  disappeared  under 
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water,  concealing  themselves  beneath  a  quantity  of  spawn  already 
floating  on  the  surface.  Having  placed  myself  behind  an  adjoining 
bedge,  through  which  I  could  perfectly  see  the  pool,  being  about 
two  yards  from  its  surface,  and  at  the  same  time  without  giving  any 
disturbance  to  its  inhabitants,  I  remained  quiet  for  more  than  a 
quarter  of  an  hour.  At  length,  when  my  patience  was  nearly  ex- 
hausted, I  saw  the  head  of  a  frog  rise  above  water ;  and  on  a  closer 
inspection  I  perceived  underneath  the  head  of  another  one,  which 
jeemed  to  be  embraced  by  the  first.  In  this  way  they  silently  raised 
themselves  pair  by  pair,  till  there  were  not  less  than  50  or  (>0  pairs 
of  tli«m  in  the  small  space  I  have  already  mentioned.  In  a  short 
time  the  little  pool  was  all  in  action.  Those  frogs  whicli  were 
mounted  on  the  backs  of  the  others  seemed  to  be  busily  employed 
with  their  hinder  feet  and  legs,  whilst  the  fore  legs  of  each  firmly 
embraced  the  body  of  his  mate.  In  some  too  a  mass  of  spawn 
seemed  to  move  after  the  pair  as  they  altered  their  position  in  the 
pool.  These  violent  exertions  of  what  I  took  to  be  the  males  con- 
tinued without  any  intermission,  and  with  so  much  force  as  very 
considerably  to  agitate  the  little  pool  for  some  time,  until  the  noise 
of  a  person  passing  on  horseback  alarmed  them,  and  they  were  all 
again  under  water  in  a  moment.  From  the  hinder  parts  of  what  I 
took  to  be  the  female  frogs  having  been  so  much  under  water,  I 
could  not  positively  assert  the  fact,  but  I  had  not  a  doubt,  from  the 
nature  of  the  motions  I  saw,  that  the  animals  were  engaged  in  an 
operation  similar  to  that  which  is  ascribed  to  the  toad  ;  and  1  was 
confirmed  in  this  belief  by  observing  on  my  return,  five  or  six 
hours  afterwards,  that  the  quantity  of  spawn  had  been  nearly 
doubled ;  and  though  I  approached  the  pool  with  the  utmost  cau- 
tion, I  could  not  see  a  single  frog,  and  liad  every  reason  to  think, 
from  a  careful  exaaninatioa  of  the  shallow  pool,  that  they  were  all 
gone. 

I  fear  the  above  may  be  very  uninteresting  to  you ;  and  if  so,  I 
have  to  apologize  for  troubling  you  with  it. 

I  have  the  honour  to  be,  Sir, 

Your  obedient  humble  servant, 

'^*"^Uafb'!'m5^""'""'  '^«°^-  Lauder  Dick. 


Article  III. 

On  the  Red  Sand-stone  Formation.     By  Professor  Jameson. 

^  This  important  formation  has  been  met  with  in  tlie  most  widely 
distant  parts  of  the  globe,  and  generally  occupying  great  tracts  of 
country.  It  rests  sometimes  on  primitive  rocks,  but  more  frequently 
on  those  of  the  transition  class  j  and  in  many  countries  it  is  covered 
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with  an  extensive  series  of  newer  rocks.  It  is  distinctly  stratified  ^ 
and  the  strata  vary  from  the  horizontal  to  the  nearly  perpendicular 
position.  The  strata  are  sometimes  waved,  sometimes  disposed  in  a 
concentric  himellar  manner,  but  are  more  frequently  straight. 
Sometime?  vertical  strata  are  to  be  seen  meeting  others  which  are 
"in  a  horizontal  position,  and  occasionally  vertical  strata  are  contained 
in  masses  of  nearly  horizontal  or  slightly  inclined  strata.  Occasionally 
the  strata  in  a  small  district  appear  disposed  in  every  possible  posi- 
tion ;  and  at  first  sight  suggest  to  us  the  idea  cither  of  great  original 
inequalities,  or  of  violent  action  on  the  strata  after  their  formation^ 
but  which,  upon  more  careful  examination  and  consideration,  would 
seem  rather  to  intimate  that  the  whole  mass  of  strata  is  composed 
of  a  series  of  distinct  concretions,  in  each  of  which  tiie  layers  or 
strata  vary  more  or  less  in  position. 

Red  sand-stone  contains  many  different  rocks,  either  in  beds, 
mountain-masses,  or  veins.  The  following  are  the  principal  kinds 
of  rock  I  have  met  with  in  the  red  sand-stone  of  Scotland. 

1.  Red-coloured  Slale-clay. — This  rock  occurs  in  beds  that  vary 
in  thickness  from  a  few  inches  to  several  fathoms.  It  is  sometimes 
so  highly  impregnated  with  calcareous  earth  as  to  pass  into  marl. 
Its  red  colour  is  sometimes  variegated  with  stripes,  layers,  and  cir- 
cular portions  of  a  green  colour.  It  passes  sometimes  into  clay-- 
stone,  and  sometimes  into  clay-iron-stone.  It  occurs  in  Salisbury 
Craigs,  near  Edinburgh  ;  Pentland  and  Ochre  Hills  ;  Isle  of  Arran  ; 
Ayrshire,  near  Saltcoats ;  Drumfrieshire  ;  Angus-shire,  &c.  ' 

2.  Clay-stone. — This  mineral  occurs  in  beds  that  vary  in  thick- 
ness from  an  inch  to  several  yards.  It  alternates  with  the  preceding 
rock,  and  also  with  red  sand-stone,  and  some  other  rocks  subordi- 
nate to  it.  It  occurs  in  Salisbury  Craigs,  Pentland  and  Ochil  Hills, 
Arran,  Ayrshire,  Dumfrieshire,  Angus-shire,  &c. 

3.  Clay-iron-stnne. — It  occurs  in  layers,  or  in  irregular  shaped 
masses,  generally  included  in  slate-clay.  It  is  a  frequent  mineral 
in  many  red  sand-stone  districts,  as  in  the  Island  of  Arran,  Dum-" 
frieshire,  Lothians,  Angus-shire,  &c. 

4.  Trap  Tuff. — This  singular  and  interesting  rock  occurs  in  the 
red  sand-stone  in  beds,  which  are  frequently  of  great  thickness.  It 
passes  into  clay-stone  and  red  sand-stone.  It  is  by  no  means  an 
uncommon  rock  in  several  of  tlie  red  sand-stone  districts  of  this 
country,  as  in  the  Lothians,  Arran,  Angus  shire,  &c. 

5.  Amygdaloid. — This  rock,  like  the  trap  tuff,  occurs  in  great 
beds  or  hills  connected  with  the  red  sand-stone,  and  occasionally 
imbedded  cotempoianeous  masses  of  it  are  met  witii  in  the  sand- 
stone. It  passes  into  the  tuff  and  sand-stone.  It  is  one  of  the 
rocks  of  the  red  sand-stone  districts  in  East  Lothian  and  Mid-Lo- 
tbian,  Islands  of  Bute  and  Arran,  Angus-shire,  &c. 

>  6.   Basalt. — This  rock  occurs  in  beds  and  veins  in  the  red  sand- 
Slbne  of  Bute,  Arran,  Ochils,  Pcntlands,  Lothian,  Angus-shire,  &c. 
I. '7.  Clink-sto7ie. — This  beautiful  rock  is  abundant  in  several  red 
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sand-stone  districts  in  Scotland,  in  beds,  hills,  and  veins.  The 
following  are  a  few  of  the  localities  of  this  rock :  Arran,  East 
Lothian,  Ochils,  Pentlands,  Angus-shire,  &c. 

8.  Green-stone.  —  Beds,  imbedded  cotemporaneous  masses, 
mountain  masses,  hills,  and  veins,  of  this  rock  occur  in  the  red 
sand-stone  formation  of  Scotland.  Thus  it  is  met  with  in  East  and 
Mid  Lothian,  Ochil  Hills,  Arran,  Bute,  Renfrewshire,  Ayrshire, 
Angus-shire,  &c, 

9.  Pitch-stone. — Green  and  black  coloured  varieties  of  this  rock 
are  met  with  in  the  form  of  imbedded  masses,  beds,  and  veins,  in 
the  red  sand-stone  of  the  Island  of  Arran. 

10.  Felspar. — Beds  of  compact  felspar,  often  passing  into  clay- 
stone,  occur  in  the  red  sand-stone  of  Arran,  Pentland  Hills,  Ochil 
Hills,  &c. 

11.  Porphyry.  —  Varieties  of  this  rock,  namely,  clay-stone, 
horn-stone,  and  felspar-porphyry,  occur  in  beds,  hills,  and  veins, 
in  the  red  sand-stone  formation.  The  Pentland  and  Ochil  Hills, 
the  Island  of  Arran,  the  upper  ward  of  Lanarkshire,  Angus-shire, 
afford  examples  of  porphyry  in  red  sand-stone. 

12.  Lime-stone  and  Lime-stone  Conglomerate. — These  rocks 
occur  in  beds  in  the  red  sand-stone  of  East  and  Mid  Lothian,  in 
that  of  the  Ochil  and  Pentland  Hills,  of  Arran,  Dumfrieshire, 
Ayrshire,  Lanarkshire,  Renfrewshire,  Angus-shire,  &c. 

13.  Coal. — Of  this  mineral  several  kinds  occur  in  the  red  sand- 
stone, viz.  glance-coal,  slate-coal,  and  pitch-coal ;  and  they  are 
met  with  in  Arran,  Dumfrieshire,  Lothian,  &c. 

From  the  short  enumeration  just  given,  it  is  evident  that  the  red 
sand-stone  formation  is  much  more  interesting  than  has  been  gene- 
rally imagined.  The  great  variety  and  abundance  of  trap,  pitch- 
stone,  and  porphyry  rocks,  contained  in  it,  their  transitions  into 
each  other  and  into  the  sand-stone  and  clay  are  very  striking  facts  in 
their  natural  history,  and  deserving  the  particular  attention  of  those 
who  take  an  interest  in  the  volcanic  and  neptunian  theories  of  their 
formation.  Those  naturalists  who  are  inclined  to  think  favourably 
of  the  opinion  which  maintains  the  chemical  formation  of  sand- 
stone will  adduce  the  various  kinds  of  structure  exhibited  by  the 
red  sand-stone  as  so  many  facts  illustrative  of  its  plausibility ;  and 
tlie  miner  and  engineer,  if  they  adopt  this  opinion,  will  probably 
obtain  an  easy  solution  of  many  difficulties  that  occur  in  their  re- 
spective arts,  and  practical  rules  of  value  and  importance  to  tliem. 
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Article  IV. 

On  the  Method  of  Illuminating  the  Streets  ly  Coal  Gas, 
By  Mr.  Frederick  Accum, 

(To  Dr.  Thomson.) 
SIB, 

Your   Correspondent  in  the  Annals  of  Philosophy  for  April, 
p.  313,  who  appears  to  be  alarmed  concerning  the  safety  of  the 
application  of  the  gas  light  illumination,  and  is  desirous  of  obtain- 
ing information  concerning  certain  facts  relating  to  the  scheme  of 
procuring  light  by  means  of  carbureted  hydrogen,  or  coal  gas,  is 
hereby  informed  that  the  explosion  he  alludes  to  was  occasioned  in 
consequence  of  a  quantity  of  coal  gas  having  been  suffered  to  enter 
into  the  building  where  the  gazometer  was  erected,  and  where  it 
mingled  with  common  air,  and  was  set  on  fire  by  the  approach  of  a 
lighted  candle,     1  give  this  statement  from  a  letter  before  me, 
written  by  the  proprietors  of  the  establishment  at  which  the  acci- 
dent happened  to  a  Gentleman  in  this  town.  They  who  are  familiar 
with  the  system  of  lighting  with  coal  gas  will  readily  allow  that  gag 
light  illumination  is  more  safe  than  the  illumination  by  candles  or 
lamps.     As  a  proof  of  this  statement,  it  need  only  be  mentioned 
that  the  fire-offices  engage  themselves  to  ensure  cotton-mills  an4 
other  public  works  at  a  less  premium  where  gas  lights  are  used  than 
in  the  cases  of  any  other  lights.     In  fact  no  danger  can  arise  from 
the  application  of  gas  lights,  in  any  way  but  what  is  common  tQ 
candles  and  lamps  of  all  kinds,  and  is  the  fault  of  none  of  them. 
Even  in  this  case  the  gas  lights  are  less  hazardous.     There  is  no 
risk  of  those  accidents  which  often  happen  from  the  guttering  or 
burning  down  of  candles  on  carelessly  snuffing  them.     The  ga^ 
light  lamps  and  burners  must  necessarily  be  fixed  to  one  place,  and 
cannot  fall,  or  otherwise  become  deranged,  without  being  imme- 
diately extinguished.     Besides,  the  gas  lights  emit  no  sparks,  nor 
are  any  embers  detached  from  them.     And  with  regard  to  the  pro- 
duction of  the  gas,  it  is  certain  that  the  manufacture  of  coal  gas  is 
a  process  perfectly  safe.     There  is  no  more  risk  in  the  action  of  a 
gas  light  machine  properly  constinicted  than  in  the  action  of  a  steam 
engine  built  on  just  principles.     No  part  of  the  machinery  is  liable 
to  be  out  of  order.     There  are  no  cocks  to  be  turned  ;  no  valves  to 
be  regulated ;  nor  can  the  operator  derange  the  apparatus  but  by 
the  most  violent  efforts ;  and  when  the  stock  of  gas  is  prepared  we 
may  depend  as  much  on  its  lighting  power  as  we  depend  on  the 
light  of  a  certain  number  of  candles  or  lamps.     To  obtain  this  gas 
the  workman  is  not  called  upon  to  exercise  his  own  judgment :  it 
requires  nothing  more  than  what  the  most  ignorant  person,  with  a 
common  degree  of  care  and  attention,  is  competent  to  perform. 
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The  heating  of  the  gas  furnace,  the  charging  of  the  retorts  with 
coal,  the  closing  them  up  air-tight,  and  keeping  them  red-hot,  are 
the  only  operations  required  in  this  art ;  and  these  demand  no  more 
skill  than  a  few  practical  lessons  can  teach  to  the  meanest  capacity. 

Tlie  diversified  experiments  which  have  been  made  by  different 
individuals  unconnected  with  each  other  have  now  sufficiently  esta- 
blished the  perfect  safety  of  the  new  lights,  and  numerous  manu- 
factories might  be  named  in  which  the  gas  lights  have  been  in  use 
for  upwards  of  seven  years,  where  nothing  like  an  accident  has 
occurred,  though  the  apparatus  in  all  of  them  is  entrusted  to  the 
most  ignorant  man. 

That  coal  gas,  when  mixed  with  a  certain  portion  of  common 
air  in  close  vessels,  may  be  inflamed  by  the  contact  of  a  lighted 
body,  is  sufficiently  known.  But  the  means  of  preventing  such  aa 
occurrence  in  the  common  application  of  this  species  of  light  are  so 
simple,  easy,  and  effectual,  that  it  would  be  ridiculous  to  dread 
dangers  where  there  is  nothing  to  be  apprehended. 

In  speaking  thus  of  the  safety  of  this  new  art  of  illumination,  it 
would  nevertheless  be  easy  to  name  instances  where  explosions  have 
been  occasioned,  but  solely  through  egregious  mistakes  having  been 
committed  in  the  erection  of  the  gas  light  machinery,  were  tiiis  a 
subject  on  which  I  meant  to  speak  ;  but  as  I  do  not,  I  shall  merely 
mention,  on  the  present  occasion,  that  an  explosion  very  lately  took 
place  in  a  manufactory  lighted  with  coal  gas,  in  consequence  of  a 
large  quantity  of  gas  escaping  (from  the  gazometer  being  over- 
charged with  gas)  into  the  gazometer  house,  where  it  mingled  with 
common  air,  and  was  set  on  fire  by  the  approach  of  a  lighted 
candle.  That  such  an  accident  could  happen,  is  an  evident  proof 
that  the  apparatus  for  preparing  the  gas  was  a  had  one,  because 
such  an  accident  might  have  been  prevented  effectually  by  adapting 
a  waste  pipe  to  the  gazometer,  as  well  as  to  the  gazometer  house. 
By  this  means,  if  more  gas  had  been  prepared  by  a  careless  operator 
than  the  gazometer  could  contain,  the  superfluous  quantity  could 
never  have  accumulated,  but  must  have  been  transported  out  of  the 
building  into  the  open  air,  in  as  effectual  a  manner  as  the  waste- 
pipe  of  a  water  cistern  conveys  away  the  superfluous  quantity  of 
water  when  the  cistern  is  full. 

In  answer  to  the  second  question  made  by  your  Correspondent, 
namely,  what  sort  of  coal  is  to  be  prepared  for  producing  the  gas, 
it  remains  to  be  observed,  that  Cannel  coal  produces  the  very  hest 
gas ;  or  at  least  the  gas  which  it  affords  requires  the  least  trouble  of 
being  purified  and  rendered  fit  for  illumination  ;  though  Newcastle 
coal  is  employed  for  illumination  in  this  metropolis.  *     But  the 

•  The  public  buildings  already  illnminated  in  tliis  town  with  coal  gas  are  the 
following:  the  church  of  St.  John  the  Evangeli'.t,  the  avenues  to  the  House  of 
Lordi  and  House  of  Commons,  Wesminster  ilall,  the  Admiialtv,  the  house  and 
offices  of  the  Spealter  of  the  House  of  Commons,  the  Mansion  House,  the  whele 
jiberty  of  Norton  Falgate,  ^c. ;  and  the  total  length  of  pipe  laid  down  as  main* 
jQ  the  btreets  of  Loiidou  ameunts  already  to  15  uiiles. 

Vol.  VI.  N«  I.  B 
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nature  of  the  gas  obtained  from  the  same  coal  varies  considerably, 
accordin_^  to  the  conditions  under  which  it  is  obtainable.  112  lb. 
of  common  Cannel  coal  produce  at  the  minimum  from  350  to  360 
cubic  feet  of  carbureted  hydrogen ;  but  the  same  quantity  of  the 
best  Newcastle  coal,  that  is  to  say,  such  as  coke  readily,  and  send 
out  brilliant  streams  of  flame,  which  undergo  a  kind  of  semifusion 
when  laid  on  the  fire,  produce  upon  an  average  300  cubic  feet  of 
this  gaseous  fluid,  besides  a  large  portion  of  sulphureted  hydrogen, 
carbonic  acid,  and  carbonic  oxide. 

Half  a  cubic  foot  of  this  gas,  when  fresh  prepared,  that  is  to 
say,  holding  in  solution  or  suspension  a  portion  of  the  essential  oil 
which  is  generated  during  the  production  of  the  gas,  is  equal  in 
Illuminating  power  to  from  1/0  to  180  grs,  of  tallow,  which  is  the 
quantity  of  this  material  consumed  in  one  hour  by  a  well  snuifed 
tallow  candle  six  to  the  pound.  Now  1  lb.  avoirdupois  is  equal  to 
7000  grs.,  and  consequently  1  lb.  of  candles  of  six  to  the  pound, 
burning  one  at  a  time  in  succession,  would  last  '-j?^  =  40  hours. 
To  produce  the  same  light,  we  must  burn  one  half  of  a  cubic  foot 
of  coal  gas  per  hour ;  therefore  one  half  multiplied  by  40  hours  h 
equal  to  20  cubic  feet  of  gas  in  40  hours,  and  consequently  equal  to 
1  lb.  of  candles,  six  to  the  pound,  provided  they  were  burnt  one 
after  another. 

Further,  1121b.  of  Cannel  coal  produce  at  the  minimum  350 
cubic  feet  of  gas,  and  are  equal  to  350  divided  by  20,  which  last  is 
equivalent  to  1  lb.  of  tallow,  making  therefore  112  lb.  of  coal 
equal  to  ^-^  =  174-  ^^'  °f  tallow  ;  and  112  lb.  of  coal  divided  by 
174- of  tallow  gives  six  and  four-tenths  of  coal  equal  to  1  lb.  of 
tallow. 

With  regard  to  Newcastle  coals,  It  may  be  stated  that  one  chal- 
dron of  Wall's  End  coal  produces  In  this  large  way  upwards  of 
1 1 ,000  cubic  feet  of  crude  gas,  which  when  purified  diminish  to 
nearly  10,000  cubic  feet.  But  the  quantity  and  quality  of  the  gas, 
as  stated  already,  is  much  influenced  by  circumstances  attending  the 
formation  of  it.  If  the  tar  and  oil  produced  during  the  evolution  of 
ilie  gas  in  Its  nascent  state  be  made  to  come  in  contact  with  the 
sides  of  the  red-hot  Iron  retorts ;  or,  better,  if  it  be  made  to  pass 
through  an  iron  cylinder  or  other  vessel  heated  red-hot,  a  large 
portion  of  it  becomes  decomposed  into  carbureted  hydrogen  and 
olefiant  gas  ;  and  thus  a  much  greater  quantity  of  gas  is  produced 
than  would  be  obtained  without  such  precautions.  If  the  coal  be 
distilled  with  a  very  low  red  heat,  scarcely  observable  by  day-light, 
the  gas  pixnluced  gives  but  a  feeble  light :  if  this  distillatory  vessel 
be  of  a  dull  redness,  tlie  light  produced  by  the  burning  gas  is  more 
brilliant :  if  a  bright,  or  cherry-red,  heat  be  employed,  the  gas 
produced  bums  with  a  brilliant  « hhe  flame :  and  if  the  heat  be 
inc-fased  so  far  tliat  the  retort  is  almost  white  hot,  and  conse- 
qt'onily  in  danger  of  melthig,  the  gas  given  out  has  little  illumi- 
nuilng  power,  and  burns  with  a  clear  bluish  flanie  ;  and  if  this  coal 
abounds,  in  pyrites,  a  large  portion  of  sulphureted  hydrogen  gas  is 
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then  produced,  which  has  the  capital  disadvantage  of  affording  a 
suffocating  odour  when  the  gas  is  burnt 

I  need  scarcely  mention  that  it  makes  no  difference  in  what 
form  the  coal  is  used,  and  that  the  very  refuse  or  small  coal>  which 
passes  through  the  screen  at  the  pit's  mouth,  and  which  finds  no 
market,  nay,  even  the  sweepings  of  the  pit,  which  are  thrown 
away,  may  be  employed  for  the  production  of  the  gas. 

With  regard  to  the  pressure  of  the  gazometer,  your  Correspondent 
is  informed  that  experience  lias  shown  that  a  pressure  of  a  column 
of  water  from  an  half  to  one  inch  is  sufficient  for  regulating  the 
proper  supply  of  the  gas  to  the  lamps  and  burners;  but  this  pressure 
must  be  constant  and  uniform.  It  is  obvious  that  the  weight  of  the 
gazometer  or  vessel  which  contains  the  gas  is  constantly  increasing 
in  proportion  as  it  fills  with  gas  and  rises  out  of  the  water  or  cistern 
in  which  it  is  immersed  ;  and  consequently,  if  a  constant  or  uniform 
balance  weight  equal  only  to  that  of  the  gazometer  in  the  first 
moment  of  its  immersion  be  employed,  the  gas  becomes  gradually 
more  and  more  compressed  by  that  part  of  the  weight  of  the 
gazometer  which  is  not  counterpoised  ;  therefore  insurmountable 
difficulties  would  follow,  because  it  would  be  impossible  to  regulate 
the  size  of  the  flames,  &c.  To  compensate  for  this  increasing 
weight  of  the  gazometer,  the  chain  by  which  this  vessel  is  sus- 
pended, or  at  least  such  a  part  of  it  as  is  equal  in  length  to  the 
height  of  the  gazometer  (measured  at  right  angles  to  the  axis  of  the 
wheel  over  which  it  passes  downwards)  must  be  loaded  with  a 
weight  equal  to  the  quantity  of  water  which  the  gazometer  dis- 
places;* and  thus  the  density  of  the  gas  will  be  uniform,  or  at  all 
times  the  same. 

The  diameter  of  the  pipes  which  convey  the  gas  is  not  taken  at 
random,  as  your  Correspondent  imagines.  Their  diameters  is  a 
simple  matter  of  calculation,  depending  upon  the  quantity  of  gas 
which  they  have  to  deliver  in  a  given  time,  and  the  diameters  of  the 
branch  pipes  proceeding  from  them. 

Further  information  concerning  the  general  nature  of  the  gas 
light  illumination,  together  with  a  description  of  the  best  machine- 
ries employed  in  this  new  branch  of  civil  economy,  your  Corres- 
pondent will  find  in  a  Treatise  on  Gas  Light,  illustrated  with 
copper  plates,  which  will  be  published  on  the  10th  of  next  month, 
by.  Sir,  Your  most  obedient  humble  servant, 

Vompton^^trtet    Soho,  FREDERICK    ACCUM. 

April  22,  1815. 

*  for  tlii;  elegant  contrivance  we  are  iode^bted  to  Mr.  Clegg,  the  engineer  of 
the  Ga»  Light  Company. 


»  2 
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Article  V. 

Remarks    on   ike    Older   Flostz    Strata  of    England. 
By  J.  C.  Prichard,  M.D.  F.L.S.  F.W.S.  &c. 

(To  Dr.  Thomson.) 
SIR, 

I  HAVE  long  entertained  a  suspicion  that  it  may  be  possible  by 
comparing  the  organic  remains  found  in  the  lime-stones,  which  are 
connected  with  coal-fields,  with  those  which  characterize  some 
other  rocks,  to  elucidate  the  series  of  secondary  strata,  which  our 
island  presents,  and  especially  to  determine  the  era  of  the  inde- 
pendent coal  formation.  On  reading  Dr.  Fleming's  late  communi- 
cation on  the  fossils  found  by  him  in  Linlithgowshire,  1  was  so 
strongly  confirmed  in  this  persuasion  that  I  have  ventured  to  submit 
the  following  remarks  on  the  subject  to  your  inspection,  and  to  that 
of  the  public  if  you  think  them  worth  inserting  in  your  Journal. 

It  seems  improbable  that  a  single  species  of  organized  beings 
should  appear  in  one  stratum,  and  then  vanish  entirely  during  an 
interval,  and  afterwards  show  itself  again.  It  is  contrary  to  what 
we  find  in  nature.  A  fossil  which  abounds  in  one  formation  is  often 
seen  more  scantily  dispersed  through  a  second,  in  a  third  it  is 
scarcely  found,  and  at  length  withdraws  itself  altogether  from  our 
view.  A  continual  progress  seems  to  have  been  made  from  the 
more  simple  to  the  more  complex  forms.  We  observe  no  retro- 
grade changes.  But  if  the  extinction  and  revival  of  a  single  animal 
be  thus  improbable,  how  much  more  difficult  is  it  to  suppose  that 
an  entire  assemblage  of  co-existent  beings  should  disappear  alto- 
gether, that  their  place  should  be  filled  during  an  interval  by  crea- 
tures of  a  totally  different  character,  and  that  these  should  become 
extinct  to  make  way  for  a  reproduction  of  the  former  class  ?  The 
supposition  is  so  contrary  to  the  usual  course  of  our  observations, 
that  I  think  we  may  conclude,  when  we  discover  two  formations  to 
abound  with  similar  fossils,  and  a  third  to  be  characterized  by  re- 
mains of  a  different  description,  that  the  two  former  belong  to  one 
era,  and  that  the  latter  is  either  more  ancient  or  more  recent  than 
both  of  tliem.  If  this  conclusion  be  allowed,  it  will  enable  us  to 
ascertain  the  relative  age  of  the  independent  coal  formation,  or  at 
least  of  the  coal-fields  in  Britain. 

I  shall  first  enumerate  the  extraneous  fossils  found  in  the  oldest 
class  of  rocks  which  contains  any,  viz.  those  of  the  transition  for- 
mation, and  chiefly  the  transition  lime-stone. 

Mr.  Jameson  mentions  among  the  fossils  of  this  rock  encrinites, 
madreporites,  tubiporites,  corallites,  and  trochites. 

Von  Buch  found  in  the  transition  lime-stone  of  Norway,  Sweden, 
and   Finland,  which  lies  under  granite,  a  great  abundance  and 
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variety  of  orthoceratites,  some  of  which  were  many  feet  in  length. 
He  observes  that  they  distinguish  this  formation  throughout  Europe. 
He  notices  also  peclinites,  the  oniscus,  trilobites,  a  number  of  large 
madreporites,  a  great  many  trochites,  entrochites,  patellje,  a  few 
ammonites,  and  a  great  number  of  other  univalves. 

Saussure  found  in  the  lower  chains  of  the  Alps,  between  Mont 
Blanc  and  Geneva,  pectinites,  terebratulites,  gryphites,  entro- 
chites, a  great  many  corallites  and  madreporites,  lurbinites,  and 
ammonites. 

I  shall  now  mention  some  of  the  fossils  found  in  the  lime-stone 
rocks  which  accompany  the  coal  formation  in  Britain,  and  which 
generally  shut  in  or  inclose  the  coal-fields. 

Orthoceratites,  as  observed  by  Dr.  Fleming,  Their  existence  in 
the  coal-field  of  Linlithgowshire  is  not  a  solitary  fact.  I  have  seen 
one  which  was  found  in  St.  Vincent's  Rock,  in  the  boundary  of  the 
Somersetshire  coal  basin.  It  was  in  the  possession  of  Mr.  Cumber- 
land. 

Encrinites  and  trochites  occur  in  astonishing  abundance  in  all  the 
rocks  of  this  class  in  South  Britain.  Dr.  Fleming  has  mentioned 
them  in  Linlithgowshire. 

A  great  variety  of  madreporites  is  commonly  seen. 

Tubiporites  are  mentioned  by  Mr,  Townsend. 

Pectinites  are  often  found  in  the  rocks  near  Bristol. 

The  triiobite  is  well  known  in  the  lime-stone  rocks  at  Dudley,  in 
Staffordshire. 

Ammonites  occur,  though  more  rarely,  in  the  lime-stone  of  the 
coal  formation.  They  are  mentioned  by  Mr.  Aikin  in  the  coal-field 
of  Shropshire. 

Terebratulites  are  found  very  commonly  in  all  the  lime-stones  of 
the  coal  formation. 

I  might  enlarge  this  catalogue  to  a  much  greater  extent ;  but 
what  I  have  said  will  suffice  to  show  that  there  is  a  general  con- 
formity between  the  animal  remains  found  in  the  transition  lime- 
stone and  the  lime-stones  of  the  coal-fields.  Hence  it  appears  that 
at  the  periods  when  these  two  formations  were  deposited,  the  ocean 
was  filled  with  organized  beings  of  the  same  description.  The 
astonishing  abundance  of  these  relics  in  the  rocks  of  both  orders 
testifies  the  vast  profusion  of  animal  life  which  the  sea  contained  at 
each  of  the  periods  in  question. 

That  the  whole  of  this  assemblage  of  animals  became  extinct, 
and  were  afterwards  produced  anew,  and  that  the  ocean  in  the 
interval  was  filled  with  a  different  set  of  creatures,  which  suddenly 
vanished  when  their  predecessors  appeared  for  the  second  time,  can 
scarcely  be  imagined.  It  follows,  therefore,  that  the  first  floetz 
lime-stone  of  the  Wernerian  series,  to  which  fossils  of  a  different 
character  are  assigned,  is  more  recent  than  the  rocks  of  the  inde- 
pendent coal  formation. 

This  conclusion  is  confirmed  by  considering  the  situation  in  which 
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the  coal  basins  in  South  Britain  are  foiind.  A  considerable  tracl^ 
of  country  in  the  midland  counties  of  England  and  South  Wales  Is 
occupied  by  a  red  sand-stone  i'jrniation,  which  agrees  remarkably 
with  the  characters  of  the  old  red  sand-stone  of  Werner.  On  this 
sand-stone  several,  if  not  all  the  coal-fields  of  South  Britain,  rest. 
In  the  neighbourhood  of  this  tract  the  older  formations  are  in  many 
places  to  be  seen,  as  in  the  range  of  the  Malvern  Hills,  between 
Herefordshire  and  Worcestershire.  Beginning  from  these  hills,  we 
easily  trace  the  succession  of  rocks  from  the  primitive  to  the  newest 
floetz  strata.  I  shall  briefly  mention  the  most  important  rocks  which 
this  series  contains  in  this  part  of  England. 

The  ^alvern  Hills,  of  which  Mr.  Horner  has  given  an  account, 
form  a  small  range  running  pearly  from  N.  to  S.  They  consist 
chiefly  of  granite  ^nd  syenite,  in  which  no  stratification  can  be  dis- 
covered, perhaps  on  account  of  their  being  very  much  concealed  by 
soil.  On  the  western  side  of  them,  beds  of  a  very  hard  compact 
lime-stone  lie  against  the  feet  of  the  hills  dipping  towards  the  west. 
In  conformable  position  with  these,  and  frequently  alternating  with 
them,  are  beds  of  a  clay  rock,  which  varies  in  its  appearance.  In 
some  places  it  is  a  hard  slate,  and  contains  scales  of  mica  in  great 
abundance  ;  in  others  it  becomes  a  mere  shale.  These  rocks  con- 
tain a  profusion  of  organic  remains,  particularly  encrinites,  madre- 
porites,  and  terebratulites.  Mr.  Horner's  account  of  them  is 
minute  and  accurate  :  I  only  mention  them  for  the  sake  of  remark- 
ing their  position  with  respect  to  the  red  sand-stone,  which  I  have 
traced,  and  which  appears  to  fix  their  place  in  the  geological  series. 

Mr.  Hornef  considered  these  rocks  as  belonging  to  the  transition 
formation.  In  this  opinion  he  was  right,  if,  as  it  appears  scarcely 
to  be  doubted,  the  sand-stone  is  the  old  red  sand-stone. 

As  we  approach  these  hills  from  Ross,  we  perceive  that  the 
country  which  lies  to  the  S.  W,  of  the  range  is  occupied  by  a  suc- 
cession of  low  ridges  lying  nearly  parallel  to  the  direction  of  the 
Malvern  Hills.  Most  of  the  observations  which  Saussure  made  of 
the  calcareous  chains  of  the  Alps  are  here  verified  in  miniature. 
The  ridges  generally  turn  their  abrupt  sides  towards  the  primitive 
range,  and  slope  on  the  other  side.  They  consist  of  the  lime-stone 
and  clay  rock  above  mentioned,  the  beds  pf  which  generally  dip 
towards  the  W.  and  S.  W, ;  but  at  the  northern  extremity  of  several 
ridges  they  turn  round  the  hills,  and  dip  northward.  In  the  most 
westerly  of  these  ridges,  near  Fownhope,  about  13  miles  in  a  dirept 
line  from  the  Malvern  Hills,  the  clay  and  lime-stone  rock  dips  at 
an  angle  of  about  60°  towards  the  S.  W.  Here  we  lose  this  for- 
mation. 

Immediately  after  passing  over  this  jvestern  limit  of  the  lime- 
stone, we  find  the  red  sand-stone  al)ovc-mentioned  lying  upon  it, 
and  in  a  position  exactly  conformal^le  with  it.  The  sand-stone 
forms  low  ranges  of  hills  parallel  to  the  former.  It  dips  to  the  S.W. 
at  a  considerable  angle,  which  diminishes,  as  we  recede  from  the 
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lime-stone.  It  runs  hence  through  the  greatest  part  of  Hereford- 
shire, generally  preserving  the  same  direction  and  dip.  *  It  passes 
into  Shropshire,  where,  from  Mr.  Aikin's  observations,  it  appears 
to  pass  under  the  coal-fields.  It  forms  a  great  part  of  Cheshire  ; 
and,  according  to  Mr.  Aikin,  contains  the  salt  springs  of  Droit- 
wich,  &c.  and  the  salt  deposit  of  Northwich.f  I  have  followed  it 
into  Brecknockshire  and  Monmouthshire.  The  lime-stones  which 
shut  in  the  coal-fields  every  where  lie  upon  it.  These  I  shall  deno- 
minate mountain  lime-stones,  for  the  sake  of  distinction.  They 
may  be  traced  from  a  few  miles  S.  of  Ross  to  Chepstow,  forming 
the  beautiful  cliffs  which  overhang  the  Wye,  and  in  a  conformable 
position  with  the  subjacent  sand-stone,  dipping  to  the  S.  W.  In 
general  the  sand-stone  consists  of  fine  grains  of  quartz,  with  a  little 
argil,  and  a  variable  quantity  of  oxide  of  iron  and  mica  :  but  in  the 
hills,  and  on  approaching  the  lime-stone,  its  constituents  are  diffe- 
rently disposed.  At  the  bottom  of  a  hill  we  often  find  the  common 
red  sand-stone  ;  higher  up,  a  stratum  of  pudding-stone,  containing 
rounded  pieces  of  quartz,  large  masses  of  which  in  loose  blocks 
cover  the  declivities ;  then  there  are  beds  of  a  whitish  stone,  the 
iron  and  mica  disappearing,  which  makes  a  good  building  stone, 
but  near  these  there  is  a  thin  bed  consisting  almost  wholly  of  oxide 
of  iron,  and  others  almost  entirely  of  mica.  All  these  varieties 
occur  in  a  hill  near  Ross,  called  Herol  Hill.  On  the  top  of  it  the 
mountain  lime-stone  appears  ;  and  about  a  hundred  yards  further  a 
pit  is  open,  when  the  lowest  bed  of  the  forest  coal  rises  near  to  the 
surface  of  the  ground. 

This  red  sand-stone  formation  is  concealed  near  the  Severn  by 
the  red  marl  rock  and  the  Lyas  lime-stone ;  but  it  appears  again 
near  Bristol,  forming  the  basis  on  which  the  Somersetshire  coal 
basin  rests,  of  which  Mr.  Gilby  has  given  an  excellent  account  in 
the  Philosophical  Magazine  for  last  November.  1  have  seen  it  lying 
under  the  lime-stone  near  Axbridge,  at  the  smithern  edge  of  this 
basin.     This  formation  would  appear  every  where  to  rest  upon  the 

•  Mr.  Horner  considered  the  MaWern  Hills  as  affording  countenance  to  the 
Iluttonian  theory.  He  obserTPS,  that  the  position  of  tlie  stratified  rocks  seems  to 
indicate  that  they  were  lifted  up  by  a  force  from  beneath,  fiut  if  he  had  traversed 
the  country  to  the  westward  of  these  hilh,  h«  would  have  found  that  the  strata 
have  generally  a  similar  position,  and  even  dip  at  a  much  greater  angle,  at  the 
distance  of  \2  or  14  miles  from  the  Malvern  Hills.  The  absence  of  the  stratified 
rocks  on  the  eastern  side  may  be  accounted  for  by  supposing  that  a  sutunarloc  cur- 
rent flowed  dowa  the  present  Vale  of  Severn  at  the  era  yiUea  the  rocks  In  question 
were  deposited.  Many  indications  may  be  found  of  the  existence  of  such  a  cut- 
rent ;  but  if  none  could  be  produced,  surely  the  hypothesis  is  fully  as  admissible 
as  the  ejection  of  the  granite  masses  from  the  abyss  of  Tartarus, 

+  It  is  verv  str.inge  that,  after  all  that  has  been  said  concerning  this  salt  forma- 
tion, we  are  yet  without  any  satisfactory  account  of  the  stratum  in  which  it 
occurs.  Dr.  Holland,  in  the  first  volume  of  the  Geological  Transactions,  says, 
that  it  is  subordinate  to  the  sand'Slone  of  tlie  independent  coal  formation.  Mr. 
Aikin,  in  the  same  volume,  informs  us  that  they  belong  to  the  old  red  sand-stone; 
and  Mr.  Horner,  as  1  perceive  by  the  abstract  of  his  late  memoir  on  the  south- 
eastern part  of  Somersetshire,  given  in  the  last  number  of  the  Jnnuh,  assigHS 
them  to  the  newer  argillaceous  sand-stone  termed  red  marl. 
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transition  rocks.  I  have  mentioned  its  relation  to  tlu)se  near  Mal- 
vprn,  Mr.  Aikin  informs  us  that  it  rests,  in  Shropshire  on  highly 
elevated  strata  of  grey-w-acke ;  and  1  observe,  by  the  last  number 
of  your  Annals^  that  Mr.  Horner  has  found  it  lying  on  the  same 
formation  near  the  Quantock  Hills,  in  Somersetsiiire. 

The  red  sand-stone  is  supposed  to  contain  no  organic  remains, 
I  believe,  however,  that  1  have  seen  traces  of  entrochites  in  it. 
The  mountain  lime-stone  which  rests  upon  it  contains  the  fossils 
enumerated  above,  and  which  agree  so  remarkably  with  those  of  the 
transition  formation.  It  often  resembles  the  transition  lime-stone 
in  its  texture,  but  is  less  crystalline,  and  has  much  thicker  beds.* 

From  these  considerations  I  think  it  is  evident  that  the  rocks  be- 
longing to  the  independent  coal  formation  follow  the  old  red  sandr 
stonq  in  the  geological  succession,  and  are  more  ancient  than  any 
other  member  of  the  floetz  series. 

But  further,  we  may  almost  venture  to  assert  that  the  succeeding, 
formations  in  the  system  of  Werner  have  no  existence  in  this  coun- 
try, and  that  the  order  of  floetz  rocks,  from  the  old  red  sand-stone 
up  to  the  chalk  which  form  the  greater  part  of  South  Britain,  bear 
very  little  analogy  to  the  succession  pointed  out  by  that  celebrated 
naturalist. 

I  have  stated  that  the  strata  above-mentioned  dip  most  commonly, 
towards  the  S.  W.  The  coal,  together  with  the  micaceous  sand- 
stone and  the  argillaceous  stone  which  forms  the  roofs,  &c.  of  the 
coal  seams,  dip  conformably ;  but  this,  as  well  as  the  general  incli- 
tion  of  the  subjacent  rock,  is  subject  to  variations.  The  whole 
commonly  incline  at  a  very  perceptible  angle.  Over  these  rocks 
are  deposited  a  series  of  strata  which  lie  very  nearly  parallel  to  the 
plane  of  the  horizon. 

Tiie  first  or  lowest  of  these  is  that  which  Messrs.  Townsend  and 
Farey  denominate  red  ground  and  red  marl.  It  has,  if  I  mistake 
not,  been  confounded  with  the  old  red  sand-stone.  Its  composition 
varies;  sometimes  it  is  an  argillaceous  sand-stone,  but  without 
mica,  and  destitute  of  that  slaty  form  which  characterizes  the  older 
sand-stone.  I  never  saw  it  contain  any  rounded  pieces  of  quartz. 
In  some  places  it  becomes  a  marl  rock,  consisting  chiefly  of  car- 
bonate of  lime.  This  is  the  case  on  the  banks  of  the  Severn,  where 
it  contains  a  bed  of  gypsum,  f     According  to  Mr.  Townsend,  the 

•  This  resemblance  accounts  f<ir  the  disagreement  we  find  among  high  authori- 
ties on  the  subject  of  thete  lime-stones.  Mr.  Werner,  in  his  little  boolt  on  veins, 
mentions  the  lime-stone  rocks  at  the  peak  in  Derbyshire  twice:  once  be  calls  them, 
transiticn  rocks,  and  once  affirms  that  ihey  are  floetz.  M.  Brochant  says  they 
are  transition,  and  I  understand  that  Mr.  Jameson  consider*  them  as  floetz. 

+  I  scarcely  need  observe  that  I  have  not  mentioned  these  strata  for  the  sake  of 
claiming  the  discovery  of  (hem,  but  merely  with  the  view  of  making  some  remarks 
on  their  order,  and  the  relation  which  their  succession  bears  to  the  series  of  M. 
Werner.  A  \ery  accurate  account  of  these  formations  is  already  before  the 
public,  in  the  paper  of  Mr.  Gilby  above  referred  to;  and  an  extensive  collection 
of  interesting  fact-  reipecting  these  and  other  newer  floetz  rocks  in  South  Brituin 
i£  contained  in  the  work  of  the  Rev.  I  Townsend,  who  mentions  that  lie  derive4 
l)i$4rst  information  concerning  them  from  Mr.  W.  Smith. 
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magnesian  lime-stone  of  Derbyshire  and  the  North  of  England 
belongs  to  this  formation. 

Above  this  is  the  Lyas  lime-stone  enclosed  in  a  bed  of  clay. 
This  stratum  abounds  in  shells.  In  this  respect  it  agrees  with  the 
second  floetz  lime-stone  of  Werner,  which  is  called  in  Germany 
muschel  kalkstein.  It  contains  pentacrinites,  which  are  considered 
as  peculiar  to  this  stratum.  I  have,  however,  found  them  in  the 
oolite  rock  in  Gloucestershire,  but  the  Lyas  is  their  proper  abode, 
and  they  gradually  disappear  in  the  succeeding  formations.  It  is 
here  also  that  those  large  heads  and  bones  are  discovered  which 
have  been  supposed  to  be  the  relics  of  crocodiles.  They  are 
of  several  species.  The  remains  which  Mr.  Johnson,  of  Bristol, 
has  collected,  proves  that  some  of  them  at  least  belong  to  an 
unknown  marine  animal.  From  the  account  which  M.  Cuvier 
has  given  of  the  cliff  at  Honfleur,  containing  the  remains  of 
crocodiles,  I  think  it  is  highly  probable  that  it  belongs  to  the 
Lyas  stratum.  He  mentions  two  species  which  nearly  resemble 
the  gavial.  If  any  of  your  correspondents  has  seen  the  rock  at 
Honfleur,  and  will  favour  us  with  an  account  of  it,  which  may 
enable  us  to  ascertain  its  identity  with  the  Lyas  lime-stone  rock,  it 
will  throw  an  additional  interest  on  these  remains.  All  the  other 
fossils  occurring  in  this  stratum  are  oceanic,  among  which  are  am- 
monites often  three  feet  in  diameter. 

The  Lyas  formation  is  very  extensive  in  South  Britain.  It  is  well 
known  at  Lyme  and  Chasmouth  on  the  south  coast,  and  traverses 
the  island  towards  the  German  Ocean.  I  have  been  infornied  that 
it  occurs  in  Anglesea. 

Above  the  Lyas  is  the  extensive  calcareous  formation  containing 
the  oolite  or  roestone.  This  cannot  be,  on  account  of  its  position, 
the  roogenstein  of  Werner,  which  is  subordinate  to  the  second  sand- 
stone, and  therefore  below  the  muschel  kalkstein. 

Above  this  several  other  rocks  are  enumerated  by  Mr.  Townsend, 
which  I  have  not  traced.  Over  these  is  the  upper  stratum  of  sand- 
stone, which  supports  the  chalk  formation. 

On  the  whole,  I  think  it  appears  that  there  is  very  little  con- 
formity between  the  floetz  series  of  Werner  and  that  which  occurs 
in  South  Britain ;  but  the  older  formations,  as  far  as  they  are  yet 
known,  coincide  with  his  system.  We  may  observe  that  the  tra- 
vellers, who  in  distant  regions  of  the  earth  have  been  so  powerfully 
struck  with  the  conformity  of  geological  phenomena  with  the  ob- 
servations of  the  Saxon  Professor,  as  Humboldt  and  Von  Buch,  have 
chiefly  directed  their  attention  to  the  older  formations.  I  am  not 
aware  that  any  disciple  of  the  Freyberg  school  has  detected  the 
succession  of  floetz  rocks,  as  detailed  by  Werner,  beyond  the  limits 
of  Germany. 

But  if  we  are  to  admit  any  reasons  grounded  on  speculative 

geology,  an  universal  conformity  in  the  primitive  and  transition 

formations  it  quite  as  much  as  can  be  expected.     At  the  period  of 

•  the  deposition  of  the  last,  the  waters  of  the  ocean  are  supposed  by 
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Werner  to  have  subsided,  and  to  have  formed  separate  basins  or 
seas.  The  subsequent  deposits  must  have  varied  according  to  local 
circumstances.  Therefore  some  variety  in  the  succession  of  floetz 
rocks  rather  confirms  than  invalidates  the  Wernerian  theory  of  the 
earth.  I  have  the  honour  to  be,  Sir, 

With  great  respect. 
Your  very  obedient  humble  servant. 

College  Gr^f.,,,  Bristol,  1,  Q.  Pr  I  CHARD. 

Mai)  14,  1815. 


Article  VI. 


Sketch  of  a  General  Theory  of  the  Intellectual  Functions  of  Man 
and  Animalsj  given  in  reply  to  Drs.  Cross  and  Leach.  By 
Alexander  Walker.* 

(To  Dr.  Thomson.) 

SIR, 

In  the  26th  number  of  your  Annals  of  Philosophy,  was  announced 
a  discovery  of  the  use  of  the  cerebellum  and  spinal  marrow  by  Dr. 
Cross; — in  the  27th  number,  Dr.  Leach  stated  **  that  the  same 
facts,  or  facts  that  lead  to  similar  conclusions,  were  published  in 
Lettres  de  Hufeland  a  Portal,  I8O7,  and  Anatomic  du  Systeme 
Nerveux,  &c.  par  Gall  et  Spurzheim ; — in  the  28th  number,  I, 
conceiving  that  Dr.  Leach  meant  to  ascribe  these  discoveries  to  Gall 
and  Spurzheim,  denied  that  they  were  contained  in  the  work  re- 
ferred to ;  t — and  in  the  29th  number,  Dr.  Leach  says,  "  Permit 
nae.  Sir,  to  assure  you  that  the  letter  from  Hufeland  to  Portal  con- 
tains precisely  the  same  opinion  respecting  the  use  of  the  cerebellum 
as  that  given  by  Mr.  Alexander  Walker  and  Dr.  Cross;  but  he  there 
adds,  that  he  had  quoted  Gall  and  Spurzheim's  work  only  as  stating 
these  opinions  to  be  erroneous ;  and,  while  he  asserts  that  my 
anatomical  and  physiological  statements  are  "  inaccurate,  suppo- 
sitious, and  at  variance  with  nature,"  he  gives  the  results  of  his 
own  '*  recent  examinations  "  % — the  conclusions  which  he  draws 
after  having  "  carefully  examined  the  structure  of  the  spinal  mass 
of  nerves."  § 

*  Though  this  communication  is  rather  too  long  for  the  Annals  of  Philosophy,  we 
have  given  it  a  place,  that  every  one  of  the  Gentlemen  concerned  in  this  dispute 
may  be  upon  a  footing  ;  but  as  the  object  of  the  Annals  of  Philnsophy  is  not  con- 
troversy, the  Editor  trusts  that  they  will  see  the  propriety  of  letting  this  subject 
rest  where  it  is. — T.  v 

+   Certainly  when  a  Gentlem.Tn  hai  said  "  that  fads  which  lead  to  similar  con-  y 
elusions   were  published "  in  a  particular  work,  meaning  thereby  to  give  them 
priority  over  another  statement,  it  is  most  natural  to  suppose  that  such  was  the 
original  source  of  these  facts;  and,  at  all  events,  the  conclusion  is  unavoidable 
that  they  are  there  ronsidered  mfacls — the  terra  which  Ur,  Leach  employs, 

J  Annals  of  Philosophy,  vol.  v.  p.  346. 

Ii   Ibid.  p.  345. 
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Now,  Sir,  however  unimportant  it  may  seem  to  Dr.  Leach  to 
investigate  tlie  origin  of  these  statements,  it  seems  otherwise  to  me, 
who  imagine  myself  to  have  rather  a  deeper  interest  in  them ;  and 
(though,  in  reply  to  this  Gentleman,  I  shull  not  \mitate  him  in  the 
littleness  of  perpetually  repeating  his  list  of  Christian  names,  as  he 
has  done  my  one  j  nor,  ignorant  though  1  am  of  liim,  shall  I,  like 
Dr.  Cross,  designate  him  as  one  Dr.  Leach ;  for  these  are  tendencies 
to  personality,  which  is  the  bane  of  rational  discussion ;)  yet  I  shall 
blend  the  qu(;stion  of  the  discovery  of  these  facts  with  that  of  their 
absolute  truth.  The  question  of  the  discovery  of  the  circulation  of 
the  blood  has  not  been  deemed  unimportant :  1  cannot  reckon  that 
which  regards  the  circulation  of  nervous  action  less  so;  and  into 
that  question  the  use  of  the  cerebellum  enters.  This,  Dr.  Leach 
will  perhaps  say  is  a  comparison  of  very  little  men  with  great  ones : 
be  it  so;  but  it  is  not  a  comparison  of  very  little  things  with  great 
ones  ;  and  to  things  alone  do  I  wish  to  attend.  No  one  will  venture 
to  say,  that  the  general  functions  of  the  brain  and  cerebellum  are 
less  important  than  that  of  the  heart. 

With  regard,  then.  Sir,  to  the  cerebellum,  as  Dr.  Lead),  thougH 
he  begs  to  be  "  permitted  to  assure  you  that  Hufeland  thinks  it  the 
organ  of  volition,"  has  not  quoted  that  writer's  expressions,  or,  what 
is  of  more  importance  his  reasons  for  such  a  conclusion,  I  cannot 
comment  on  them.  If,  however,  I  may  judge  of  the  accuracy  of 
this  ascription  to  Hufeland,  by  the  additional  assertion  which  Dr. 
Leach  now  makes  as  to  Willis  also  having  thought  so,  the  conclu- 
sion will  be  most  unfavourable  to  the  Doctor's  accuracy.  Dr. 
Leach,  then,  adds  that  "  Willis  considered  the  cerebellum  as  the 
source  of  voluntary  power."  Now,  Sir,  it  is  an  absolute  fact,  that 
Willis  asserts  the  very  opposite  of  this  :  he  says  it  is  the  organ  of 
involuntary  power.  *'  The  office  of  the  cerebel,"  says  he,  "  seems 
to  be  for  tlie  animal  spirits  to  supply  some  nerves,  by  which  invo- 
luntary actions,  which  are  made  after  a  constant  manner  unknown 
to  us,  or  U'hetker  ive  iviil  or  no,  are  performed."*  And  now,  Sir, 
I  hope  you  will  permit  me  also  to  assure  you,  that  I  am  not  a  little 
surprised  that  any  Gentleman,  after  accusing  another  of  inaccuracy, 
and  referring  with  such  confidence  to  his  own  "  recent  examina- 
tions," should  have  made  so  untrue  a  statement,  in  order  to  ascribe 
to  an  old  author  new  observations.  After  this,  I  should  be  glad, 
indeed,  to  see  Hufeland's  statement,  and  his  reasons  for  the  con- 
clusion alluded  to;  and,  should  that  writer  advance  any  proofs  that 
the  cerebellum  is  the  organ  of  volition,  or  rather  of  those  impulses 
which  cause  all  muscular  action,  I  shall  of  coui-se  readily  resign  to 
him  the  honour  or  disgrace  of  the  opinion,  and  shall  only  regret 
that  my  reading  has  Hot  been  as  extensive  and  as  "  accurate  "  as 
that  of  Dr.  Leach. 
J  am  willing,  however,  to  grant  something  in  favour  of  Willis : — 

'  On  «hc  Brain,  chap.  xy. 
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he  was  right  in  assie^ning  to  the  cerebellum  the  involuntary  motions; 
but  erred  in  excluding  the  voluntary  ones;  for  the  cerebellum  is  the 
source  of  all  motion,  voluntary  and  involuntary,  as  I  shall  show  in 
the  sequel :  while  it  is  the  source  of  every  impulse  on  the  muscular 
s)rstem,  volunterity  is  changed  into  involuntarity  only  by  ganglia  on 
the  cerebellic  nerves.  I  must,  however,  remark,  that  even  if 
Willis  had  stated  that  which  is  accurately  true,  and  grounded  his 
statements,  as  he  has  done,  only  on  conjecture,  or  on  proofs  which 
do  not  desen'e  the  name,  I  should  not  have  thought  of  yielding  to 
him  the  merit  of  observing  this  truth  ;  for  even  then  he  would 
equally  have  proved  that  "  the  dura  mater  administers  heat  for  the 
distillation  of  the  spirits,"  "  that  the  pia  mater  does  by  chemical 
artifice  instil  the  animal  spirits  into  the  brain  and  cerebel,"  and  in- 
numerable other  absurdities — all  of  which,  as  well  as  this  one,  he 
supports  by  ridiculous  conjecture,  and  not  by  argument.  Even 
truth,  however,  if  struck  out  only  by  wild  conjecture,  and  unsup- 
ported by  proof,  would  not  constitute  discovery  :  the  mental  effort 
of  rational  conjecture,  and  the  personal  one  of  "  careful  examina- 
tion" would  still  remain  to  be  performed  by  some  one  who,  if 
successful,  would  certainly  deserve  the  honour  as  well  as  the  labour. 
And  now.  Sir,  1  can  furnish  Dr.  Leach  with  a  quotation  from  the 
great  work  of  Baron  Haller — a  more  recent  and  a  better  writer 
than  Willis,  which  will  be  just  as  much  to  his  purpose  as  his  own 
*'  accurate  "  reference  to  Willis  ;  but  which  I  nevertheless  deem  it 
necessary  to  state,  in  order  that  the  history  of  this  important  ques- 
tion may  be  completely  before  the  reader.  "  Convulsiones  artuum," 
says  he,  *'  constanter  vidimus  in  animalibus  supervenisse,  quorum 
cerebellum  vulneraveramus. — Et  de  convulsionibus  dkUim  est,  quae 
sunt  musculorum  voluntariorum.  Ex  cerebello  etiam,  si  uUus, 
quintus  sensui  destinatus  et  voluntario  motui  nervus  prodit.  Quare 
collectis  omnibus,  videtur  cerebellum  et  a  cercbro  hactemis  paruni 
differre,  et  graves  in  utrovis  laesiones  mortem  inferre,  leviores  in 
utroque  tolerari.  Deinde  cerebrum  ad  vitalia  organa  et  sentientem 
vim  et  moventem  mittere,  et  ad  partes  mentis  arbitrio  subjectas  cere- 
bellum." Here,  then,  it  appears  that  Haller,  after  proceeding 
upon  an  "  it  is  said  "  as  to  the  convulsion  of  the  voluntary  muscles; 
observing  that  the  fifth  pair  coming  from  the  cerebellum  is,  how- 
ever, destined  both  to  sense  and  motion  ;  and  thinking  that,  upon 
the  whole,  the  cerebellum  in  so  far  differs  little  from  the  cerebrum, 
— at  last  concludes  that  the  cerebrum  seems  to  send  both  feeling 
and  moving  power  to  the  vital  organs  ;  while  the  cerebellum  sends 
both  feeling  and  moving  power  to  the  parts  which  are  subject  to  the 
•will.  Now,  from  this,  1  differ  by  asserting,  that  the  cerebrum  sends 
neither  sensation  nor  motion  to  any  part,  but  merely  receives  sen- 
sation from  the  organs  of  sense;  while  the  cerebellum  has  not  only 
nothing  to  do  with  sensation,  as  Haller  erroneously  asserts,  but 
sends  motion  both  to  the  voluntary  and  to  the  involuntary  parts — 
or,  in  other  words,  botli  to  the  mechanical  or  locomotive,  and  t© 


1815.]       Intellectual  Functions  of  Man  and  Animals.  HO 

the  vital  or  nutritive  system,  which  Haller  inaccurately  excludes 
ffom  its  influence.  The  motions  of  the  vital,  are,  however,  not  less 
important  than  those  of  the  locomotive,  system. 

The  term  volition,  however,  may  he  still  applied  to  the  function 
pf  this  organ,  whether  voluntary  or  involuntary  action  be  its  result, 
because  the  impulse  of  the  cerebellum  on  which  they  both  depend 
is  one  and  the  same,  and  the  involuntarity  is  a  modification  of  that 
impulse  or  of  its  effects  produced  only  by  ganglia  on  certain  fibrils 
of  the  cerebellic  nerves.  This  extended  meaning  of  the  word 
volition  is  perfectly  analogous  to  that  of  the  term  sensation ;  for 
though  sensation  does  not  exist  separately,  except  in  those  animals 
which  have  no  sensoriura  commune, — though,  in  man,  it  is  inse- 
parable from  perception,  yet  still  is  the  simple  term  sensation  em- 
ployed. An  improved  nomenclature,  however,  or  an  extension  of 
the  very  admirable  one  of  Dr.  Barclay,  would  perhaps  give  us  new 
terras  in  both  cases. 

I  have  now  said,  in  opposition  to  the  statement  of  Haller,  that 
the  cerebrum  sends  neither  sensation  nor  motion  to  any  part  external 
to  the  encephalic  cavity ;  and,  as  Dr.  Leach  says,  I  have  "  neglected 
to  take  any  notice  of  the  cerebrum,"  and  seems  to  demand  what 
use  I  assign  to  it,  I  may  "  assure  him  "  that  there  still  remain  very 
important  uses  for  it  to  serve;  and  as  the  Doctor,  not  having  sub- 
mitted them  to  any  "  recent  examination,"  is  perhaps  less  familiar 
with  these  particular  functions,  I  may  hint  to  him,  that  they  are — 
observation,  reflection,  and  judgment. 

1  shall  now,  Sir,  state  some  of  my  reasons  for  asserting,  that  the 
orgaris  of  sense  being  those  of  sensation,  and  the  cerebrum  that  of 
mental  operation,  the  cerebellum  is  the  organ  of  volition,  or  rather 
pf  all  the  motions  of  animals,  voluntary  and  involuntary. 

1.  There  are  three  distinct  intellectual  organs  or  classes  of  intel- 
lectual organs,  namely,  the  organs  of  sense,  the  cerebrum,  and 
the  cerebellum. — That  the  cerebellum,  though  separated  from  the 
cerebrum  only  by  membranes  in  man,  is  not  on  that  account  less 
distinct  from  it  than  are  the  organs  of  sense  separated  by  bony 
plates,  is  rendered  evident  by  the  consideration,  that  membranes 
form,  in  the  one  case,  as  effectual  a  separation  as  bony  plates  do  in 
the  other;  that  many  animals*  have  a  bony  tentorium  between 
the  cerebrum  and  cerebellum,  as  they  have  bony  plates  between  the 
cerebrum  and  face ;  and  that  others  (birds)  have  membranes  be- 
tween the  cerebrum  and  face,  as  they  have  a  membranous  tento- 
rium between  the  cerebrum  and  cerebellum. 
.  2.  There  are  three  distinct  intellectual  functions  or  classes  of  in- 
tellectual functions,  namely,  sensation,  mental  operation,!  and 
volition. 

3.  Of  the  organs,  those  of  the  senses  are  the  first,  the  cercbrunx 

•  Viz.  most  species  of  the  cat  and  bear  kind,  the  martin  {mustela  marles),  the 
coaita  (ctrcopithecus  paniscus),  and  others, 

+  locluding  observation,  reflection,  and  judgment,  and  the  subordinate  facal- 
tiei  aoalyzed  by  Gall  aiid  Spurzlicim. 
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intermediate,  and  the  cerebellum  the  last. — For,  although  tlie  face, 
containing  the  organs  of  sense,  and  the  cerebellum,  are,  in  different 
animals,  very  differently  placed  with  regard  to  the  cerelirum,  yet 
there  is  a  peculiar  relation  between  the  situation  of  one  of  these  and 
that  ot  the  other  with  regard  to  it.  In  other  woJ-ds,  although  the 
face  is  sometimes  in  one  situation  and  sometimes  in  another  with 
relation  to  the  cerebrum,  yet  to  each  given  variation  of  its  situation 
with  regard  to  that  body  there  is  a  corresponding  and  uniformly 
accompanying  variation  in  the  situation  of  the  cerebellum.  Thus 
as,  in  man,  the  face  is  placed  below  the  anterior  part  of  the  cere- 
brum, so  is  the  cerebellum  placed  below  its  posterior  part ;  and 
precisely  as,  in  the  inferior  animals,  the  face  advances,  precisely  so 
does  the  cerebellum  recede,  till,  in  those  animals  in  which  the  face 
is  placed  exactly  before  the  cerebrum,  the  cerebellum  is  placed 
exactly  behind  it^* 

4.  Of  the  finictlovs,  sensation  is  the  first,  mental  operation  in- 
termediate, and  volition  the  last. — That  sensation  precedes  and  ex- 
cites, if  it  do  not  generate,  mental  operation,  few  will  deny:  that 
mental  operation,  however  rapid  or  evanescent,  precedes  and  ex- 
cites volition,  or  that  the  motive  to  an  action  must  precede  the 
action,  none  will  refuse  :  and  that,  of  any  one  series  of  intellectual 
action,  volition  is  the  last  stage,  all  must  admit. 

5.  As,  then,  the  cerebellum  is  the  last  of  the  intellectual  orgevt, 
and  volition  the  last  of  the  intellectual  functions,  and  as,  at  the 
same  time,  there  is  no  organ  without  function,  or  function  without 
organ,  it  follows,  that  the  cerebellum  must  be  the  organ  of  volition. 

6".  In  perfect  conformity  with  this  truth,  the  inferior  animals, 
however  defective  in  intellect,  possess  motion ;  and,  in  almost  all 
of  them  which  have  any  visible  nervous  system,  a  cerebellum,  the 
organ  of  that  motion,  exists. — This  leads  me  to  an  observation 
which  seems  to  me  to  possess  considerable  interest  and  beauty.  As 
we  descend  among  animals,  one  of  the  three  portions  of  the  nervous 
system  and  one  of  its  three  general  functions  gradually  disappear. 
Now  it  is  not  the  first  and  the  last  portions  of  the  nervous  system — 
it  is  not  the  organs  of  sense  and  the  cerebellum,  neither  is  it  their 
respective  functions,  sensation  and  volition,  which  are  thus  lost.  It 
is  the  cerebrum  and  mental  operation  which  are.  This  organ  is, 
among  men,  most  conspicuous  in  the  Caucasian  race ;  and  we 
accordingly  find  that  that  race  alone  has  cultivated  the  sciences.  It 
is  less  even  in  the  Monga!  and  Ethlop,  who  have  ever  disregarded 
them.  It  gradually  disappears  and  ultimately  evanishes  as  we 
descend  among  quadrupeds,  birds,  reptiles,  fishes,  &c.  and  with  it 
gradually  disappear  and  ultimately  evanish  the  powers  of  thought. 
But  organs  of  sense  and  a  cerebellum, — sensation  and  volition,  yet 
remain  to  characterize  myriads  of  animals  below  these. 

»  The  cerfbellic  cavity,  moreover,  seems  uniformly  to  commence  on  tke  inside 
of  the  base  of  the  cranium  exactly  op{>osiie  to  the  place  where  the  face,  or  the 
Iwwer  jaw,  terminates  on  tlic  ouiti'le. 
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7,  This  truth  receives  new  confirmation  when  we  observe,  that 
the  degrees  of  voluntary  power  always  bear  a  close  analogy  to  the 
various  magnitudes  of  the  cerebellum.  In  fishes,  for  instance, 
which  possess  amazing  locomotive  power,  the  cerebellum  is  often 
larger  than  the  cerebrum ;  and  they  sometimes  possess  an  addi- 
tional tubercle,  which  seems  to  Cuvier  to  form  a  second  cere- 
bellum ! 

In  the  statement  of  these  reasons,  Dr.  Leach  will  find  obviated 
any  quibble  which  might  be  founded  on  the  various  meanings  of  the 
word  ♦  opposite '  which,  for  the  sake  of  brevity,  I  formerly  used. 
They  will  also  enable  the  reader  to  correct  Dr.  Cross's  representation 
of  them. 

Dr.  Leach,  then,  endeavours  to  prove,  that  there  is  no  propor- 
tion between  the  various  magnitudes  of  the  cerebellum  and  the 
degrees  of  voluntary  power. — The  cerebellum,  he  says,  is  propor- 
tionally smaller  in  children  than  in  the  adult,  and  yet  children  have 
more  of  muscular  agility  than  adults.  Now,  if  by  agility  Dr. 
Jjeach  means  that  their  voluntary  powers  are  stronger,  I  unhesitat- 
ingly deny  it ;  and  if  he  do  not  mean  this,  his  example  is  inappli- 
cable :  the  truth  is,  he  does  not  take  into  consideration  the  eva- 
nescent action  of  children  and  the  permanent  and  sustained  action 
of  adults. — A  shark,  he  says,  which  has  the  greatest  locomotive 
power,  has  a  remarkably  minute  cerebellum.  Now  this  instance  is 
as  inapplicable  as  the  last ;  for  I  have  nowhere  asserted  the  greater 
absolute  magnitude  of  the  cerebella  of  fishes;  but  have,  in  distinct 
terms,  asserted  their  greater  proportional  magnitude. — The  same 
answer  applies  to  Dr.  Leach's  third  example  of  the  swallow. 

That,  contrary  to  Dr.  Jjcach's  assertion,  this  is  a  "  general  prin- 
ciple," is  sufficiently  proved  by  this,  that  if  our  considerations  be 
general — if  we  compare  the  cerebella  of  birds  with  those  of  quad- 
rupeds, we  find  the  former  larger  in  proportion  to  the  brain  con- 
sistently whh  their  more  intense,  frequent,  and  rapid  voluntary 
motion  ;  and  if  we  compare  the  cerebella  of  fishes  with  those  of 
birds,  we  find  the  former,  in  both  these  respects,  excel  the  latter. 
But  if  we  enter  into  more  particular  examinations — if  we  compare 
these  parts  in  the  genera  and  species  of  animals,  as  Cuvier  has 
done,  our  observations  must  be  more  particular  than  his — we  must 
attend  not  only  to  the  general  magnitude  of  the  organs,  but  to  theif 
particular  form ;  for  (I  novv  repeat  an  important  fact  which  I,  prior 
I  believe  to  any  other  person,  announced  some  years  ago,)  "  on  the 
length  of  the  cerebral  organs  depends  the  intensity  of  their  func- 
tion, and  on  the  breadth  of  these  organs  the  permanence  of  their 
function."  As  liquids  pass  with  greater  velocity  through  the  narrow 
portion  of  a  tube  than  through  its  wider  parts,  precisely  so  must  all 
nervous  action  pass  between  the  parietes  of  the  organs — the  tubes 
uf  the  neurilema,  wliether  that  action  be  performed  by  fluids,  by 
liquids,  or  i)y  globules,  as  proved  by  Prochaska  and  others.  That 
the  nervous  matter  is  thus  laterally  confined  by  the  neurilema,  is 
proved  by  tljc  circumstance  of  t!»c  ends  of  nerves  expanding  when 
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cut;  and  they  are,  therefore,  in  so  far  subject  to  similar  laws  with 
liquids  contained  in  tubes.* 

It  is,  then,  fVom  Cuvier's  not  distinguishing  between  the  height 
and  tlie  breadth  of  the  organs,  and  their  corresponding  intensity  or 
permanence  of  function,  that  his  con)parison  of  man  and  the  bull, 
and  his  scale  in  general,  which  Dr.  Leach  has  quoted,  is  of  dimi- 
nished value,  and  quhe  inapplicable  to  the  present  question.  This 
curious  and  important  fact  may  be  illustrated  even  from  the  classes 
of  animals ;  for  the  laterally  compressed  and  higli  cerebellum  of 
birds  corresponds  admirably  with  the  intensity  of  their  voluntary 
jMJwers,  and  the  depressed  and  flat  cerebellum  of  the  turtle,  frog, 
salamander — in  short,  of  all  the  slow  but  long  moving  reptiles^ 
equally  corresponds  with  the  permanence  of  tiieir  voluntary  power. 

In  reply  to  Dr.  Cross's  last  observations  (in  the  30th  number  of 
the  yhinals),  I  need  say  little  indeed.  The  strongest  argument 
which  he  adduces  in  refutation  of  the  preceding  doctrine,  is  the 
ironical  application  of  the  words  "  logical  and  sapient,"  and  the 
direct  one  of  the  words  "  absurd  and  groundless."  Now  whether 
Dr.  Cross's  authority  in  matters  of  science  is  sufficient  to  render 
such  words,  when  used  by  him,  the  very  death-warrant  of  a  new 
doctrine,  I  am  perfectly  ignorant ;  but,  with  me,  even  much 
higher  authority  than  the  Doctor's  would  not  constitute  proof.  Dr. 
Cross  adds,  "  that  volition  ranks  among  the  faculties  of  the  mind, 
whose  organ  is  the  cerebrum  ;  "  and  so  far  as  authority  in  general 
and  the  authority  of  Dr.  Cross  in  particular  goes,  this  is  another 
proof  of  the  falseness  of  my  doctrine.  The  Doctor,  however,  fur- 
ther adds,  "  that  affections  of  the  cerebrum,  while  the  cerebellum 
remains  sound,  produce  palsy,  which  I  humbly  submit  is  just  a  loss 
of  volition."  At  last,  then,  the  Doctor  does  give  us  an  argument} 
and  as  it  is  a  solitary  one,  and  follows  so  much  of  mere  authoritative 
determination,  it  must  no  doubt  be  so  triumphant  that  the  "  humble 
submission  "  which  the  Doctor  forgot  when  adducing  his  authority, 
but  so  generously  appends  to  his  proof,  must  be  intended  only  to 
enhance  talent  by  modesty,  and  to  heighten  triumph  by  moderation. 
This  is  certainly  very  fine  ;  and  it  involves  only  one  little  awkward 
circumstance,  which  is,  that  while  the  Doctor's  proof  consists  of 
two  propositions,  it  presents  precisely  as  many  errors  !  "  Affections 
of  the  cerebrum,"  says  he,  "  while  the  cerebellum  remains  sound, 
produce  palsy ; "  and  hence  he  means  to  conclude  that  palsy  which 
he  deems  a  loss  of  volition,  and  consequently  volition  itself  is  de- 
pendent on  the  cerebrum,  and  not  on  the  cerebellum  :  indeed  he 
actually  says  so  in  the  preceding  portion  of  the  same  sentence;  thus 
placing  the  induction  (logically  no  doubt)  before  the  datum,  and 

»  It  is  perhaps  also  for  the  same  reason,  that,  in  a  galvanic  battery,  the  in- 
tensity of  its  atiion  seems  to  correspond  with  the  number  of  the  plates  (for  the 
ignitiug  power  is  lis  the  number^,  and  the  permanence  of  its  action  with  the  mag- 
nitude of  the  plates.  Accordingly,  M.  de  Luc  observes  that  the  number  of  the 
plates  is  analogous  to  the  length  of  a  pump  for  raising  water;  and  the  size  of  the 
plates  U  analojejus  to  the  magnitude  of  the  bore  of  the  pump. 
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reducing  it  to  a  mere  assertion.  The  conclusion,  however,  is  in- 
accurate ;  for  even  if  palsy  were  jiist  a  loss  of  volition,  it  would  be 
by  no  means  wonderful  if  the  functions  of  the  cerebellum  were  de- 
ranged by  an  injury  of  the  cerebrum,  since  two  immediately  con- 
tiguous and  intimately  connected  organs  must  powerfully  influence 
each  other.  Dr.  Cross  must  be  aware  that  even  remote  organs 
evidence  this  sympathy  ;  and  it  may  even  to  himself  have  happened, 
that  a  deranged  state,  for  instance,  of  the  Doctor's  bowels  may  have 
caused  an  aifection  of  his  head  ;  but  surely  the  Doctor  would  not 
therefore  conclude  that  the  cause  of  the  derangement  was  in  his 
head.  Just  so  it  is,  that  no  derangement  of  volition  caused  by 
injury  of  the  cerebrum  is  any  proof  that  the  cerebrum  is  the  seat 
of  volition.  So  much  for  one  half  of  the  Doctor's  proof.  In  the 
other,  he  humbly  submits  that  palsy  is  just  a  loss  of  volition.  I 
reply  that  palsy  is  no  such  thing  ;  and  as  the  Doctor  is  fond  of  logic, 
I  shall  give  him  my  proof  in  a  logical  form. — We  cannot  be  con- 
scious of  any  mental  act  unless  that  act  exist ;  but  volition  is  a 
mental  act  of  which  the  patient  is  conscious  in  palsy ;  therefore 
palsy  is  not  just  a  loss  of  volition  ! 

Having  thus,  I  believe  satisfactorily,  replied  to  the  Doctor's 
argument  against  me,  I  must  notice  the  claim  which  he  sets  up  for 
himself.  He  has  discovered,  he  says,  that  "  the  cerebellum  sup- 
plies the  face  with  nervous  energy ; "  and  of  me  he  asserts  "  that 
there  is  not  even  the  smallest  hint,  from  the  beginning  to  the  end  of 
his  tract,  that  could  at  all  lead  in  the  smallest  degree  towards  this 
discovery."  Now  as  that  and  the  succeeding  tract  show,  in  great 
latitude  and  detail,  that  all  muscular  parts  are  supplied  with  nerves 
from  the  cerebellum  or  the  posterior  columns  of  the  spinal  marrow, 
and  more  especially  that  all  those  encephalic  nerves  which  supply 
muscles  of  the  face  have  at  least  one  origin  directly  from  the  cere-- 
helium,  it  is  difficult  to  conceive  how  any  Gentleman  could  venture 
to  make  so  anxiously  tautologous  and  obviously  untrue  an  assertion 
as  the  preceding.  In  these  tracts,  I  have  said,  "  Like  these  (the 
spinal  nerves),  all  the  encephalic  nerves  have  two  portions — a  cere- 
bral and  a  cerehellic,  except  the  first,  second,"  &c. — p.  175  ;  and 
*'  The  transverse  bands  (these  are  the  pons  varolii,  the  narrower  and 
flatter  band  of  Spurzheim  immediately  below  it,  and  the  much 
broader  and  radiating  but  perfectly  flat  band  below  that,  which  was 
first  pointed  out  by  myself)  seem  uniformly  to  serve  the  purpose  of 
conducting  the  cerehellic  origins  of  the  nerves  ;  " — p.  ]  79.  With 
regard  to  that  encephalic  nerve  in  particular  which  is  by  way  of  pre- 
eminence named yadaZ,  I  have  demonstrated  the  remarkable  course 
of  its  two  portions,  cerebral  and  cerehellic,  overlooked  by  all  other 
anatomists — p.  148;  and  I  have  done  the  same  with  regard  to  seve- 
ral other  nerves.  These  I  think  are  proofs  sufficiently  ample  to 
show  how  far  the  face  (though  opposed,  in  the  sense  above  ex- 
plained, to  the  cerebellum,  that  is  in  so  far  as  it  contains  the  organs 
of  sense,  and  not  as  it  is  furnished  with  muscles)  is  yet  dependent 
on  the  cerebellum  for  the  supply  of  its  muscular  parts.  These  prootft 
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I  adduced  six  years  ago  ;  and  yet  Dr.  Cross  tells  me  I  liave  not  said 
one  word  of  the  cerebellum  receiving  nervous  energy  frorn  the  face, 
but  that  he  has  ?iow  made  the  discovery  !  Though,  however,  the 
muscks  of  the  face  thus  receive  motive  energy  from  the  cerebellum, 
not  one  of  its  sensitive  nerves  are  derived  from  it ;  for  even  the 
auditory  nerve,  after  crossing  the  corpora  restiformia,  ascends  to  the 
cerebrum.  As,  then,  the  face  receives  only  motive  and  not  sensitive 
energy  from  the  cerebellum,  and  as  I  proved  this  six  years  ago,  I 
cannot  divine  lO  what  discovery  it  is  that  Dr.  Cross  on  this  subject 
pretends. — Having  thus  done  justice  to  myself  by  exposing  tliis  (I 
dare  say  unintentional)  plagiarism,  I  leave  it  to  some  friend  of  Dr. 
Crawford's  to  do  him  similar  justice  with  regard  to  Dr.  Cross's 
charcoal  hypothesis  of  respiration. 

(To  be  continued.) 


Article  VII. 


Olservations  on  the  Uses  of  the  Dorsal  Vessel,  or  on  the  Ivjiuence 
which  the  Heart  exercises  in  the  Organization  of  articulated 
Animals,  and  on  the  Changes  which  that  Organization  expe^ 
riences  when  the  Heart  or  t/ie  Organ  of  CiradcUion  ceases  to 
exist.    By  M.  Marcel  de  Serres. 

{Concluded  from  Vol.  V.  p.  379.) 

I.  Respiration  in  the  Air  hj  means  of  Tulular  TrachecB. 

Division  1. — Only  Arterial  Tracheic. 

PcLMONARY  trachcfE  exist  in  the  greater  number  of  the  caleop- 
teres ;  but  there  are  certain  genera,  as  the  cerambjTr,  blaps,  and 
most  of  tenebrunides,  in  which  they  are  not  observed.  These 
tracheffl  take  air  immediately,  forming  round  the  stigmata  very 
numerous  bundles.  But  that  a  communication  may  be  established 
among  all  the  trachccE,  there  exists  a  common  trunk  which  extends 
from  one  stigma  to  another,  and  which  opens  in  that  part.  It  is 
from  this  common  trunk  that  these  numerous  bundles  proceed,  of 
which  we  have  spoken,  and  which  distribute  the  air  to  all  parts  of 
the  body.  The  direction  of  the  tracheae,  tiien,  is  almost  always 
transversal.  As  these  vessels  issue  in  bundles  from  a  common  trunk, 
they  present  in  some  measure  the  disposition  of  a  horse's  tail.  In 
the  genera  of  which  we  are  speaking,  the  tracheae  are  very  nume- 
rous in  the  breast ;  to  such  a  degree,  indeed,  that  they  almost 
cover  the  muscles  of  that  part.  We  see  them  all  presenting  a 
transversal  direction.  As  they  are  very  near  each  other,  they  forni 
on  the  muscles  parallel  strealis,  so  very  close  together  that  it  is  with 
ditficulty  that  any  interval  at  all  can  b«  s^'en  between  thejn.    These 
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pectoral  traclieae  proceed  from  the  commoii  trunk,  which  takes  up 
air  in  the  first  stigma  of  the  abdomen. 

In  general  the  arterial  trachefe  are  very  much  branched,  and  £^ive 
out  an  infinite  number  of  ramifications.  This  dispo-itiun  is  very 
striking  in  the  genera  of  which  we  are  speaking,  and  which  are  dis- 
tinguished by  the  position  of  their  stigmata.  These  stigmata  are 
placed  below  the  elytres,  and  on  the  sides  of  the  body  in  the  back. 
It  may  be  owing  to  tlie  difficulty  which  the  air  finds  to  introduce 
itself  into  these  stigmata,  especially  when  they  are  concealed  below 
immoveable  elytres,  as  in  the  blaps,  that  the  arterial  tracheae  are  so 
disposed  that  all  parts  of  the  body  speedily  enjoy  the  influence  of 
the  air.  These  stigmata  are  formed  in  the  common  way  by  a 
jutting  out  horny  border  of  considerable  thickness.  Their  opening 
is  oval,  and  their  greatest  diameter  is  in  a  transverse  direction.  It 
is  easy,  by  opening  them,  to  perceive  the  common  trunk  of  the 
arterial  trachea,  which  opens  there.  The  disposition  of  the  arterial 
trachea  in  the  cehrlo  longicornis  is  almost  the  same  as  in  that  which 
we  have  just  described. 

In  the  phalangium  and  analogous  genera,  only  a  single  order  of 
tracheae  is  observed.  The  respiratory  system  in  these  genera  may 
be  considered  as  formed  of  common  trunks,  v.hich,  situated  in  the 
neck,  are  the  centre  from  which  all  the  other  ramifications  proceed. 
These  common  trunks  are  found  near  the  stigmata,  to  which  they 
send  a  branch  ;  and  from  this  point  proceed  two  bundles  of  tracheae, 
which  spread  over  all  the  body,  especially  the  intestinal  viscera! 
We  see  even  that  they  surround  each  appendix  of  the  intestinal 
tube,  and  their  first  membrane  is  in  part  formed  of  these  tracheae. 
The  common  trunks  continue  thus  along  the  sides  of  the  bodv 
giving  out  different  branches  to  the  muscles  of  the  legs,  to  the 
mouth,  to  the  dorsal  vessel,  and  to  the  organs  of  generation.  This 
respiratory  system  is  one  of  the  simplest.  Only  two  stigmata  exist, 
placed  on  each  side  of  the  corcelet,  on  the  same  line  as  the  fourth 
pair  of  legs.  These  stigmata  are  oval,  the  greatest  diameter  pro- 
ceeding from  below  upwards.  Internally  we  see  that  they  have  a 
border  pretty  strong.  They  are  very  large,  compared  to  the  size  of 
the  body. 

The  larvae  of  lepidopteres,  or  caterpillars,  have  likewise  nothing 
but  arterial  trachefe.  Lyonnet,*  to  whom  the  anatomy  of  insects 
is  so  much  indebted,  had  already  remarked  this  tact.  However  I 
thought  it  worth  verifying  in  the  caterpillars  of  different  buttg-fli'e', 
especially  in  those  of  the  cabbage  and  of  fennel ;  in  the  larvee  of  the 
Lomlyx  pavonia  major,  mori,  and  in  that  of  the  sph'mx  atropos.  In 
all  these  I  found  only  arterial  traclieae.  When  there  are  only  arterial 
trachea,  we  see  them  always  formed  by  a  common  trunk,  which 
opens  into  the  stigmata,  and  from  which  numerous  ramifications 
proceed,  which  are  di>^tributed  to  all  parts  of  the  body.  This 
common  trunk  extends  from  one  extremity  of  the  body  to 'another, 

*  See  Traits  Anntomique  dela  Chcnillp  duSaule,  p.  101  aad  £S7,  Ub.  a.  fi^.  2, 
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and  its  diameter  is  at  least  a  millimetre  (003937  inch) ;  sometimes 
it  [seven  more  considerable.  It  is  from  tliis  common  trunk  that  tlie 
bundles  of  transverse  tracheoe  always  divided  into  pairs  proceed ; 
the  ramifications  of  which  are  generally  unequal.  Tiie  number  of 
these  bundles  of  tracheae  is  always  twice  that  of  the  stigmata,  as  two 
always  proceed  from  eacli  stigma. 

The  insects  which  respire  air  immediately,  and  which  have  onlj 
arterial  tracheae,  are  those  in  w'hich  the  respiratory  system  is  sim- 
plest. The  species  in  which  tliis  disposition  exists  require  to  enjoy 
the  influence  of  air  as  speedily  as  possible.  Hence  it  is  distributed 
almost  as  soon  as  it  is  received. 

The  pulmonary  tracheae  of  the  scarites  gigas  originate  above  tlie 
ccrebriform  ganglion  by  a  transversal  branch,  from  which  proceed 
ramitications  to  the  upper  lip,  the  antennae,  and  the  eyes.  This 
branch  is  prolonged  in  the  head  by  two  principal  trunks,  which 
extend  in  the  corcelet,  and  then  in  the  rest  of  the  body.  These 
trunks  having  reached  the  corcelet,  form  on  each  side  of  the  dorsal 
vessel  a  kind  of  semicircle,  giving  out  numerous  ramifications  to 
the  dorsal  vessel  and  the  surrounding  muscles.  The  pulmonary 
trunks,  when  they  reach  the  breast,  approach  the  dorsal  vessel 
more  and  more,  forming  on  each  side  erismes,  semicircles,  from 
the  centre  of  which  proceed  the  branches  that  form  a  communica- 
tion between  the  pulmonary  and  arterial  tracheae.  The  common 
pulmonary  trunks  continue  in  the  same  manner  in  the  abdomen, 
where  they  form  afterwards  rings  in  semicircles,  from  which  proceed 
the  principal  branches,  which  form  a  communication  between  thera 
and  the  arterial  tracheae.  As  to  the  branches  that  come  from  the 
internal  side,  they  all  go  to  the  dorsal  vessel  and  the  muscles  that 
surround  it.  In  this  place  the  pulmonary  trunks  never  acquire  a 
large  diameter. 

The  trunks  of  the  arterial  tracheae  rise  below  the  cerebrum  by 
two  principal  branches,  which  distribute  themselves  over  the  man- 
dibles, and  the  different  parts  of  the  mouth.  These  branches  have 
a  very  considerable  diameter,  and  a  reddish  colour.  When  they 
come  to  the  corcelet,  they  unite,  and  form  only  one  trunk.  After 
this  they  send  a  large  branch  to  the  first  pair  of  legs ;  while  from 
their  interior  side  they  send  branches  to  the  trunks  of  the  pulmonary 
tracheae,  and  to  the  intestinal  tube.  The  same  thing  takes  place  in 
the  thorax.  These  tracheis  diminish  somewhat  in  size  in  the  abdo- 
men, and  keeping  always  at  the  side  of  the  body,  the  external 
branches  go  to  che  stigmata,  while  the  internal  surround  the  intes- 
tinal tube  and  the  organs  of  generation  with  a  fine  network  of  tra- 
cheae. The  conmion  trunks  form  from  ring  to  ring  semicircles, 
always  furnishing  the  branches  of  which  we  have  spoken.  We 
observe  that  from  each  semicircle  formed  by  the  arterial  trachefe 
there  issue  two  long  oyHndrical  tracheae,  which  ramify  to  infinity 
on  the  intestinal  tube  and  the  organs  of  generation.  There  are  fevr 
species  in  which  these  tracheae  are  more  distinct  or  extensive.  In 
general  the  abdominal  trachcee  are  of  a  silver-white  ;  those  of  the 
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corcelet  have  a  shade  of  red.  The  stigmata  of  this  species  placed 
upon  the  inferior  sides  of  the  abdomen  are  rounded  and  bordered  by 
a  salliant  fold  of  the  coreaceous  envelope. 

Several  of  the  orthopteres  exhibit  at  once  arterial  and  pulmonary 
tracheae.  Of  this  number  are  the  forficul.-e,  blattag,  phasmes, 
mantes,  achetes,  locustje,  mole  crickets.  But  as  these  trachcce  are 
not  similar  in  diiFerent  genera,  and  as  their  complication  is  not 
quite  the  same,  we  shall  make  them  known  in  those  in  which  it 
presents  the  greatest  peculiarity. 

The  respiratory  organs  of  the  forficulie  and   blattae  present  little 
difteiencp.     They  are  composed  of  a  sy^tem  of  arterial  trachcee 
formed  by  a  common  trunk,  which  extends  from  one  extremity  of 
the  body  to  another,  and  into  which  trairsversal  tiachciE  pass,  which 
are  distributed  in  a  great  number  of  parts.  In  the  head  .'hey  furnish 
the  ramifications  to  the  principal  muscles,  especially  to  the  adduc- 
tors and  abductors  of  the  mandiiiles  and  oesophagus.     They  then 
extend  in  the  corcelot  by  two  principal  trunks  which  lie  below  the 
pulmonary  trache;e,  but  which  soon  divide,  giving  out  numerous 
ramifications  to  the  muscles  of  the  corcelet,  to  the  intestinal  tube 
and  the  first  pair  of  leg*;.     The  principal  trunks  continue  to  the 
thorax,  keeping  on  the  sides  of  tlie  body.     They  then  send  a  pretty 
large  branch,  which  passes  into  the  opening  of  the  tremaer,  to  take 
up  the  air  which  other  ramifications  distribute  in  the  muscles  con- 
tained in  the  thorax,  and  in  those  of  the  wings  and  legs.     It  ap- 
peared to  me  that  the  arterial  tracheae  furnished  in  the  corcelet  and 
thorax  branches  wliich  spread  in  the  legs,  where  they  give  out  a 
much  greater  number  of  ramifications  than  the  pulmonary  ti-ache;e, 
winch  equally  make  their  way  thither.     The  trunks  of  the  arterial 
tracheae  communicate  with  those  of  the  pulmonary   tracheae  by 
lateral  branches  proceeding  from  the  internal  sides  of  these  tracheae. 
The  same  thing  takes  places  in  the  corcelet,  the  thorax,  arrd  abdo- 
men.    The  same  tracheae  form  round  the  stomach  and  its  append- 
ages nets  of  tracheae  quite  inextricable. 

The  arterial  trachete,  after  having  given  numei-ous  ramifications 
ii  the  thorax,  extend  themselves  in  the  abdomen  by  a  common 
trunk,  which  opens  into  the  six  stigmata  placed  on  the  sides  of  the 
body.  It  is  likewise  near  tiiese  stigmata  that  the  common  trunks 
funrish  each  two  bundles  of  transversal  tracheae;  so  that  there  are 
21  such  bundles  in  the  abdomen.  These  same  tracheae  make  all 
the  parts  enjoy  the  impression  of  the  air,  distributing  themselves 
over  the  intestinal  viscera,  the  organs  of  generation,  and  the  abdo- 
minal muscles.  I  must  observe  that  the  communication  of  the 
arterial  and  dorsal  tracheae  takes  place  by  means  of  transversal 
branches,  which  the  first  send  off  at  intervals  to  the  second. 

The  pulmonary  tracheae  appear  equally  in  the  head,  where  they 
extend  round  the  superior  portion  of  the  cerebriform  ganglion  and 
round  the  eyes,  whether  single  or  compound.  They  give  out  but  a 
small  number  of  ramifications  in  the  hend  ;  and  passing  through  the 
superior  portion  of  the  occipital  foramen,  they  go  to  the  corcelet. 
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where  they  spread  themselves  in  tlie  first  pair  of  legs  without  send- 
ing out  many  branches.  Always  placed  at  a  small  distance  from  the 
dorsal  vessel,  they  pass  into  the  thorax ;  where,  however,  they 
separate  a  little  from  that  vessel,  forming  round  it  a  kind  of  S. 
These  tracheae  send  branches  into  the  two  last  pair  of  legs,  in  which 
they  do  not  ramify  much.  When  they  come  into  the  abdomen  they 
approach  the  dorsal  vessel,  sending  it  small  ramifications,  as  they 
do  during  their  whole  passage.  These  ramifications  appear  to  com- 
pose the  first  membrane  of  this  vessel.  These  tracheae  extend  to 
the  extremity  of  the  abdomen,  forming  from  ring  to  ring  semi- 
circles more  or  less  near  each  other.  Such  is  the  general  distribu- 
tion of  the  tracheae  in  these  two  genera,  in  which  these  vessels  have 
a  very  small  diameter. 

The  disivjsition  of  these  two  orders  of  tracheae  is  not  quite  the 
same  in  the  achetes  as  in  the  genera  of  which  we  have  spoken. 
They  have  likewise  a  greater  diameter,  so  that  they  are  more  easily 
followed. 

The  arterial  tracheae  begin  below  the  cerebrum,  from  which,  as 
from  a  central  point,  they  send  branches  to  difterent  parts  of  the 
head.     These  branches  have  noe  an  equal  diameter;   and  those 
which  go  to  the  muscles  of  the  mandibles  are  remarkably  large. 
These  branches,    penetrating  into  the   mandibles,  give  numerous 
ramifications,  the  smallest  divisions  of  which  penetrate  as  far  as  the 
teeth  of  these  parts.     The  arterial  tracheae  furnish  equally  branches 
to  the  different  parts  of  the  mouth,  and  extend  by  two  principal 
trunks  into  the  corcelet  passing  through  the  opening  of  \\\c  foravien 
occlpitale.     They  then  go  towards  the  fore  part,  along  the  sides  of 
the  corcelet,  and  give  pretty  numerous  ramifications  to  the  rotatory 
muscles  of  the  head,  and  to  the  muscles  belonging  to  the  corcelet, 
and  likewise  to  those  of  the  legs.  Come  to  the  base  of  the  corcelet, 
the  arterial  tracheae  form  a  very  large  trachea,  which  passes  into  an 
opening  situated  on  the  lateral  and  inferior  side  ;  and  in  this  manner 
they   receive   directly  the  impression  of  the  external  air.     This 
trachea  then  extends  to  the  extremity  of  the  first  pair  of  legs,  with- 
out giving  out  many  ramifications.     The  arterial  tracheae  then  pro- 
ceed to  the  thorax,  being  always  situated  at  the  side  of  the  body. 
They  send  numerous  branches  to  the  muscles  of  the  thorax,  prin- 
cipally to  those  of  the  wings,  the  elytres,  and  legs.     These  tracheae 
furnish  likewise  branches  to  the  last  pair  of  legs,  and  to  the  pul- 
monary trachcH?,  to  which  they  carry  air.     After  having  furnished 
these  principal  branches,  and  a  great  number  of  others  much  more 
small,  the  arterial  tracheae  proceed  to  the  abdomen,  where  they 
form  a  more  complicated  apparatus.     Extending  always  along  the 
sides  of  that  part,  their  trunks  open  into  the  stigmata  by  a  ramifi- 
cation  whose   diameter   is    not  so   considerable.      These   tracheae 
towards  tlieir  inside  give  out  six  principal  branchcF,  divided  each 
into  two  ramifications,  much  larger,  which  unite  in  a  single  trunk 
that  passes  into  the  pulmonary  tracheae.     But  before  uniting  in  a 
common  irunkj  the  large  ramifications  give  out  two  lateral  branches^ 
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which  establish  a  communication  of  superior  and  inferior  ramifica- 
tions. All  these  tracheae  enjoy  immediately  the  action  of  the  air, 
and  distribute  it  into  the  pulmonary  tracheae.  It  is  from  the  first 
branch  principally  that  the  tracheae  proceed  which  spread  them- 
selves on  the  organs  of  generation,  while  those  of  the  intestinal 
viscera  are  furnished  successively  by  the  six  branches.  Besides  these 
principal  branches,  the  common  trunk  furnishes  other  four,  one 
which  precedes  all  the  branches,  and  three  which  come  imme- 
diately alter  them.  The  first  spreads  itself  on  the  superior  abdo- 
minal muscles,  and  upon  the  intestinal  tube.  The  others,  on  the 
contrary,  give  numerous  ramifications  to  the  muscles  of  the  abdo- 
men, and  particularly  to  the  organs  of  generation. 

The  pulmonary  tracheae,  more  constant  in  their  direction,  rise 
above  the  cerebriform  ganglion  by  a  common  trunk,  which  divides 
into  two  principal  branches,  the  upper  of  which  go  to  the  eyes  and 
the  antennae.  The  lower  extend  backv>ards  to  the  foramen  occipi- 
tale,  traverse  the  muscles  of  the  mandibles,  and  penettate  into  the 
corcelet.  There  they  separate  a  little  from  each  other,  give  out  a 
branch  to  the  first  pair  of  legs,  and  furnish  a  very  few  branches  to 
the  muscles  of  the  corcelet.  These  trachete  then  make  their  way 
into  the  thorax,  where  they  give  out  two  principal  branches,  which 
terminate  in  the  legs,  furnishing  some  ramifications  to  the  muscles. 
When  they  come  to  the  abdomen,  they  approach  each  other,  and 
run  near  the  dorsal  vessel,  sending  out  a  great  number  of  branches, 
which  divide  themselves  on  the  external  membrane  of  this  vessel. 
During  their  whole  passage  we  see  them  almost  always  sinuous, 
forming  from  distance  to  distance  semicircles,  which  touch  each 
other  by  their  summits.  As  we  have  already  explained  how  tliese 
tracheae  receive  air,  we  shall  not  resume  the  subject  again. 

The  respiratory  organs  of  the  phasmte  consist  equally  of  two 
orders  of  tracheae,  the  arterial  and  pulmonary.  These  last  present 
in  the  head  four  principal  branches.  Tlie  superior  branches  are  tlie 
largest  and  longest.  They  furnish  branches  to  the  antenn.'e,  the 
upper  lip,  and  the  mandibles.  When  these  tracheae  make  their 
way  into  the  corcelet,  they  separate  from  each  other,  and  unite  with 
the  branches  of  the  inferior  pulmonary  tracheae  to  penetrate  into 
the  first  pair  of  legs,  where  they  spread  themselves.  The  inferior 
branches  of  the  pulmonary  tracheae  are  situated  below  the  preceding. 
Their  trunks  are  more  nearly  straight.  All  these  tracheae  issue 
through  the  foramen  occipitale,  and  unite  in  the  corcelet,  so  as  to 
form  only  two  principal  trunks,  more  or  less  near  to  the  dorsal 
vessel,  but  always  accompanying  it.  When  these  branches  have 
come  as  far  as  the  second  pair  of  legs,  they  send  them  a  principal 
branch.  The  same  thing  happens  when  they  come  to  the  third 
pair.  When  they  enter  the  abdomen,  they  proceed  still  nearer  the 
dorsal  vessel,  to  which  they  send  numerous  branches. 

The  arterial  tracheae  have  not  a  direction  so  constant  as  the  pul- 
monary. In  general,  Ireing  composed  of  bundles  of  branches,  they 
make  all  parts  enjoy  the  impression  of  air,  which  they  receive  im- 
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mediately.  Their  common  trunks,  situated  below  the  cerebriform 
ganglion,  furnish  numerous  branches  to  different  parts  of  the  head, 
then  in  the  corcelets  to  the  different  parts  of  the  legs.  When  they 
reach  the  thorax,  these  trunks  throw  out  a  branch  on  each  side, 
which  goes  to  receive  air  by  the  opening  of  the  tremaer,  and  their 
two  other  principal  branches  go  to  the  legs.  These  tracheae  give 
likewise  branches  to  the  muscles  of  the  thorax,  and  to  the  pulmo- 
nary tracheae  and  the  intestinal  viscera.  The  same  is  the  case  in 
the  abdomen.  In  the  abdomen  the  arterial  tracheae  give  out  on 
each  side  as  many  branches  as  there  are  stigmata,  and  these  com- 
municate with  the  pulmonary  tracheae.  The  direction  of  these 
branches  is  transverse,  compared  with  the  axis  of  the  body,  while 
the  common  trunks  of  these  same  tracheae,  as  well  as  of  the  pul- 
monary, are  parallel  to  the  axis  of  the  body. 

The  abdominal  arterial  tracheae  furnish  branches  to  the  intestinal 
viscera  and  the  organs  of  generation.  They  form  on  these  parts 
very  numerous  networks. 

The  distribution  of  the  tracheae  is  still  more  admirable  in  the 
mantes  than  in  the  different  genera  that  we  have  hitherto  studied. 
Their  direction  is  so  complicated  that  it  is  difficult  to  describe  it. 
We  shall  observe,  however,  that  the  pulmonary  tracheae  originate 
above  the  cerebriform  ganglion  by  a  common  trunk,  from  which  sij^ 
principal  branches  proceed  :  two  lateral,  which  go  to  the  eyes  ;  two 
inferior,  for  the  upper  lip  ;  and  two  others  for  the  antennae.  From 
these  branches  there  proceed  others,  which  proceed  to  the  different 
organs  of  the  mouth.  This  common  trunk  then  proceeds  to  the 
corcelet,  always  separating  more  and  more.  When  it  has  got  into 
that  part  it  sends  off  a  branch  which  unites  with  an  arterial  trachea. 
These  two  tracheae,  thus  forming  but  a  single  one,  go  to  the  first  of 
the  legs,  and  extend  to  its  extremity,  giving  off  numerous  branches. 

The  pulmonary  tracheae,  proceeding  on  in  the  corcelet,  approach 
a  little  to  the  dorsal  vessel.  They  then  enlarge  considerably  oppo- 
site to  the  first  pair  of  legs,  sending  to  them  a  branch,  which  unites 
Avith  the  most  external  arterial  branch  of  the  tremaer.  By  this 
union  the  two  trunks  form  only  a  single  one,  which  extends  to  the 
extremity  of  the  first  pair  of  legs.  The  pulmonary  tracheae  then 
approach  the  dorsal  vessel,  send  it  some  branches,  as  they  do  like- 
wise to  the  muscles  of  the  corcelet.  When  they  have  come  to  its 
extremity,  they  send  out  a  lateral  branch,  which  unites  with  the  most 
external  of  the  arterial  tracheae.  The  pulmonary  tracheae  then  become 
large,  and  give  out  at  first  a  branch,  which  goes  to  the  second  pair 
of  legs;  and  after  having  diminished  in  diameter,  they  send  out 
another  branch  in  that  part.  These  tracheae  furnish  likewise  diffe- 
rent ramifications  to  the  dorsal  vessel,  and  they  gradually  approach 
nearer  it.  But  when  they  have  got  as  far  as  the  first  stigma  they 
separate  from  it  suddenly,  forming  a  semicircle,  which  gives  out  a 
branch  that  establishes  a  communication  with  the  arterial  tracheae 
and  with  the  seventh  stigma.  From  this  point  the  pulmonary 
tracheae  have  two  principal  trunks :  the  most  internal  is  very  wind- 
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ing  and  irregular ;  the  external  extends  in  a  straiglit  line  to  the 
opening  of  the  seventh  stigma,  where  it  receives  the  impression  of 
the  air  as  well  as  the  internal  trunk.  These  two  trunks  of  pulmo- 
nar}'  tracheae  communicate  with  each  other  by  means  of  the  lateral 
branches,  which  are  six  in  number  on  each  side  ;  but  besides  these 
lateral  branches,  there  exists  one  at  the  base  of  the  body,  which 
unites  the  two  systems  of  pulmonary  tracheae.  This  apparatus,  in 
combining  with  that  of  the  arterial  trachefe,  forms  an  admirable 
whole,  which  the  silvery  colour  of  the  tracheae  renders  still  more 
agreeable  to  the  eye.  '^I'he  internal  trunk  of  the  pulmonary  tracheae 
sends  out  a  great  many  branches  to  the  dorsal  vessel,  branches  which 
divide  themselves  to  infinity.  We  see  how  complicated  the  pul- 
monary tracheae  are  in  this  genus,  and  all  in  order  that  there  may 
be  a  greater  reservoir  of  inspired  air. 

The  arterial  tracheae  rise  in  the  head  below  the  cerebriform 
vanglion.  They  give  out  there  large  branches,  which  spread  them- 
selves in  the  muscles  of  different  parts  of  the  mouth.  They  go 
likewise  to  the  upper  part  of  the  liead,  and  unite  with  the  tracheae 
that  proceed  to  the  eyes.  They  then  pass  into  the  corcelet,  always 
along  the  side  of  the  body.  Tlie  two  great  branches  parallel  to  the 
common  trunk  of  the  arterial  tracheas,  and  which  open  into  the 
tremaer  situated  at  the  base  of  the  corcelet,  may  be  considered  as 
belonging  to  this  system,  though  they  appear  to  be  divisions  of  pul- 
monary tracheae.  The  external  trunk  of  the  arterial  tracheae  gives 
a  great  many  ramifications  to  the  muscles  of  the  thorax.  We  have 
not  given  a  figbre  of  them,  because  we  wished  to  render  our  repre- 
sentation more  intelligible  ;  for  if  we  had  exhibited  all  the  ramifi- 
cations that  we  perceive,  it  would  have  been  very  difficult  to  have 
followed  the  direction  of  the  principal  tracheae  ;  so  that  we  should 
have  run  the  risk  of  failing  in  our  object.  The  arterial  tracheae 
unite  with  the  pulmonary  towards  the  base  of  the  corcelet.  They 
then  penetrate  into  the  tliorax  by  three  principal  branches,  and  the 
two  external  unite,  forming  a  kind  of  oval,  before  which  the  inter-. 
mediate  branch  unites  with  the  first  pulmonary  trachea,  which  goes 
to  the  third  pair  of  legs.  These  arterial  tracheae  form  soon  after 
two  principal  trunks,  situated  further  down,  and  more  externally, 
than  the  trunks  of  the  arterial  tracheae.  Each  of  them  sends  a 
lateral  branch,  which  opens  into  the  stigmata;  so  that  there  exist  12 
lateral  branches,  since  there  are  six  stigmata,  and  each  receives  two. 
We  may  even  reckon  14,  since  the  whole  of  the  system  terminates 
in  the  seventh  stigma  by  two  principal  branches.  The  tracheae 
which  go  to  the  organs  of  generation  proceed  from  the  third  lateral 
branch  :  these  tracheie  are  very  large  and  numerous.  But  besides 
these  tracheae,  the  common  trunks  furnish  a  great  number  to  the 
intestinal  viscera.  We  have  not  given  figures  of  them,  for  the 
reason  already  stated. 

The  descriptions  which  we  have  given  of  the  various  respiratory 
organs  in  insects,  must  have  shown  that  by  means  of  this  compli- 
cated apparatus  there  is  a  real  circulation  of  air  in  that  order  of 
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animals.  This  circulation  is  still  more  evident  in  the  mantes  than 
in  the  genera  that  we  have  described.  The  air  laken  in  by  the 
branches  of  the  arterial  trachc£B  in  the  stigmata,  is  spread,  by 
means  of  their  common  trunks,  info  the  branches  of  the  pulmonary 
tracheae  which  carry  it  to  their  principal  trunks,  where  it  is  taken 
up  by  other  ramirications,  and  distributed  in  all  parts  of  the  body. 
When  the  decarbonization  of  the  blood  is  effected,  the  remaining 
oxygen,  the  azote,  and  the  carbonic  acid,  are  driven  out  by  the 
contraction  of  the  elastic  tracheae.  These  gases  may  either  take  the 
road  by  which  the  air  entered,  of  a  different  one.  All  parts,  then, 
enjoy  the  impression  of  air;  and  the  pulmonary  tracheae  are  des- 
tined to  serve  as  a  reservoir,  that  this  impression  may  be  for  some 
time  independent  of  the  inspirations  and  expirations. 

The  locusta  exhibits  likewise  two  orders  of  trache;e,  but  thelf 
situation  is  different  from  what  we  described  as  that  of  the  mantes. 
Tiie  pulmonary  tracheae  extend  in  a  straight  line  from  one  extre- 
mity of  the  body  to  the  other,  always  keeping  towards  the  middle 
and  upper  part  of  the  body.  They  originate  above  the  cerebrum, 
give  some  branches  to  that  organ,  then  proceed  to  the  eyes,  sending 
different  branches  to  the  organs  situated  in  the  head. 

These  trai^hese  penetrate  into  the  corcelet  through  the  foramen 
occipitale,  approach  each  other  by  degrees,  and  become  gradually 
parallel,  giving  out  a  branch  to  the  first  pair  of  legs.  When  they 
come  to  the  thorax  they  give  out  different  branches,  some  of  which 
go  to  the  two  last  pair  of  legs,  and  others  to  tlie  muscles  of  the 
thorax.  When  they  reach  the  abdomen  their  diameter  diminishes, 
though  tliey  receive  nine  branches  from  each  side,  furnished  them 
by  the  arterial  tracbcce.  These  tracheae  then  extend  to  the  extre- 
mity of  the  body,  giving  out  a  certain  number  of  ramifications  to 
the  dorsal  vessel. 

The  pulmonary  trachete  are  very  conspicuous  in  this  genus  ;  but 
the  contrary  is  the  case  with  the  arterial.  Originating  below  the 
cerebriform  ganglion,  they  distribute  themselves  to  difierent  part* 
of  the  head,  giving  in  particular  numerous  branches  to  the  mu-tles 
of  the  head.  They  extend  in  the  corcelet  by  two  common  trunks, 
which  go  along  the  side  of  the  body.  But  when  they  reach  as  far 
as  the  first  pair  of  legs,  they  become  considerably  larger,  form  a  son 
of  tubular  cavity,  and  take  air  immediately  by  a  large  oval  opening  or 
stigma  situated  in  that  part.  This  tracheae,  the  diameter  of  which 
is  very  considerable,  extends  to  the  extremity  of  these  legs.  Be- 
sides this  great  branch,  the  arterial  tracheae  furnish  other  ramifica- 
tions to  the  muscles,  and  which  bring  air  to  the  trunk  of  the  pul- 
monary trachccc.  The  arterial  trachea  contlnuir.X'in  the  thorax  and 
abdomen  by  two  common  trunks,  send  branches  to  the  legs,  the 
pulmonary  tracheae,  and  the  muscles  of  the  thorax. 

The  arterial  tracheae  become  very  complicated  in  the  abdomen. 
By  their  internal  side  they  give  off  16  principal  branches,  12  of 
which  proceed  in  pairs,  while  the  other  four  are  simple.  The^  first 
branch  is  simple :  at  first  very  small  j  it  increases  suddenly,  giving 
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different  ramifications  to  the  abdominal  muscles  and  the  pulmonary 
tracheae^.  The  second  branch  sets  out  simple,  but  speedily  divides 
into  two  branches,  each  much  larger  than  the  common  trunk.  Near 
the  point  where  these  tracheae  unite  to  furnish  a  single  branch  to  the 
,  pulmonary  tracheae,  they  send  off  two  branches,  the  superior  of  which 
goes  to  the  sui>erior  branch,  and  the  inferior  to  the  inferior.  Thus 
on  each  side  of  the  abdomen  are  disposed  the  five  other  common 
trunks  which  open  into  the  stigmata,  so  that  these  six  orders  of 
tracheae  correspond  to  the  openings  of  these  parts.  As  there  are  in 
all  It)  branches  on  each  side  of  the  abdomen,  the  arterial  tracheae 
give  on  each  side  three  large  simple  branches,  which  go  to  the 
pulmonary.  They  communicate  with  each  other  by  means  of  small 
ramifications  which  they  send  to  each  other.  All  these  principal 
branches  have  constantly  a  transverse  direction.  The  bundle  of 
tracheae  that  go  to  the  oigans  of  generation  proceeds  from  the  first 
double  branch.  What  is  remarkable  in  this  respiratory  apparatus  is 
the  great  diameter  of  all  the  abdominal  tracheae,  especially  those 
with  double  branches.  These  tracheae  are  so  large,  and  so  close 
together,  that  they  lorm  a  kind  of  envelope  round  the  organs  con- 
tained in  the  abdomen. 


Article  VIII. 


Jin  Essay  on  the  Shapes,  Dimensions,  and  Positions  of  the  Spaces, 
in  the  Earth  which  are  called  Reiits,  and  the  Arrangement  of  the 
Mattel-  in  them.     By  Mr.  John  B.  Longmire. 

(Continued  from  \o\.  v.  p.  281.) 

The  junctions  of  hended-tahular  Rents. 

The  horizontal  direction  of  any  rent  is  not  parallel  to  this  direc- 
tion of  all  the  other  rents  in  a  formation ;  and  as  the  lengths  of  rents 
in  general  are  much  greater  than  the  distance  between  any  two 
contiguous  rents,  many  rents  must  be  joined  to  others.  Two  of  the 
junctions  of  bended-tabular  rents  I  am  now  to  describe. 

Bended-tabular  rents,  according  to  the  difference  in  their  posi- 
tions, are  joined  together  in  their  horizontal  directions,  and  in 
those  which  are  at  right  angles  to  them,  whether  angular  or  per- 
pendicular.- The  junctions  of  these  rents,  in  common  Itnguage, 
are  called  crossings :  and  one  rent  is  said  to  intersect  and  to  cross 
another;  and  to  disturb  it  by  throwing  or  heaving  it,  eitlier  up- 
wards or  downwards,  in  horizontal  junctions,  and  either  lo  the  right 
or  left  hand,  in  angular  junctions. 

I .  Of  horizontal  Junctions. 

WJien  the  sides  of  one  rent,  say  the  rent  A.  fig,  1 ,  Plate  XXXV., 
2 


44  An  Essay  on  Rents.  [July, 

are  joined  to  those  of  another,  BB,  in  a  direction  cd,  which  is  ho- 
rizontal, they  are  joined  together  in  their  horizontal  directions. 

If  a  miner,  in  travelling  downwards  in  the  angular  direction,  al^ 
of  a  rent,  B,  meet  with  another  rent,  A,  having  a  reverse  position, 
and  whose  ii[}per  side,  fg,  is  horizontally  joined  to  both  sides  of 
that  part  of  the  rent  in  which  he  is  standing,  then  the  part  of  the 
latter  rent  which  is  joined  to  the  under  side  of  the  former  rent,  will 
join  it,  as  at  c,  above  the  place  where  the  part  a  Z/ joins  it  on  the 
opposite  side. 

Let  it  be  remembered  that  the  strata  are  always  lower  on  the  up- 
per side  than  on  the  underside  of  every  rent  of  this  shape,  then  tliis 
separation  of  the  rent  B  into  parts  will  be  easily  accounted  for. 
The  lowest  extremities  of  any  one  rent  are  generally  situated  in  one 
stratum  ;  hence,  as  the  matter  of  the  formation  contracted,  these 
extremities  of  both  parts  of  the  separated  rent  would  necessarily 
sink  with  the  stratum  that  contains  them  ;  but  this  stratum,  as  well 
as  those  above  it,  sunk  a  greater  distance  on  the  upper  side,  than  on 
the  underside  of  the  unseparated  rent,  and  brought  down  the  part 
of  the  separated  rent  which  lies  on  the  former  side  as  much  lower 
than  that  [)art  of  this  rent  on  the  latter  side  of  the  unseparated  rent, 
as  the  strata  are  lower  on  this  than  on  that  side  of  the  last  rent. 
This  "  want  of  opposition,"  therefore,  in  tiie  two  parts  of  one 
of  the  joining  rents  which  lie  on  opposite  sides  of  the  other  is  the 
effect  of  that  unequal  contraction  of  the  matter  which  produced 
the  rents,  and  is  not  caused  by  the  action  of  a  newer  rent  on  an 
older,  as  has  heen  generally  supposed. 

In  every  junction  where  the  unseparated  rent  is  the  larger,  it  is  as 
old  as,  if  not  older  than,  the  separated  rent  5  but  when  it  is  the 
smaller,  it  is  always  the  newer  of  the  two  joining  rents.  I  would 
in  both  instances,  however,  be  understood  to  mean,  that  the  for- 
mation of  these  rents  took  place  during  the  process  of  the  matter's 
consolidation ;  and  when  I  say  one  is  older  than  the  other  rent,  I 
only  mean  that  the  commencement  of  the  formation  of  the  older 
happened  before  that  of  the  newer  rent ;  and,  not  that  any  one  rent 
was  completely  formed  and  filled  before  the  formation  of  any  other 
had  commenced. 

2.  Of  angular  Junctions. 

When  two  rents  are  joined  together  in  their  angular  directions, 
they  exhibit  the  appearance  of  fig.  3,  Plate  XXXV. ;  in  which  the 
parts,  ^n^,  hd,  of  one  rent,  A,  are  joined  to  another  rent,  B  B,  in 
a  direction,  hfg,  which  is  parallel,  or  nearly  so,  to  the  angular 
direction  of  both  rents.  I  will  at  present  only  describe  the  hori- 
zontal junctions  of  two  rents  that  meet  each  other  at  nearly  right 
nngles;  oneofwliieh,  the  unseparated  rent,  contains  both  kinds  of 
the  earthy  tabular  masses,  and  the  other,  or  the  separated  rent,  con- 
tains both  of  the  earthy  associated  with  the  metallic  tabular  masses. 
If  a  miner,  in  travelling  in  the  horizontal  direction  of  a  rent,  ah, 
fig.  2,  (which  figure  is  a  horizontal  view  of  an  angular  junction  oif 
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two  rents)  whose  under  side  is  on  his  right  hand,  meet  with  the  up- 
per side,  c  b,  of  an  unseparated  rent,  then  that  part  of  the  separated 
rent,  e  d,  which  lies  on  the  other  side  of  the  unseparated  rent,  is 
always  a  given  distance,  Id,  to  his  left  hand.     Let  fig.  3.  repre- 
sent the  angular  direction  of  such  a  junction  as  the  man  sees  it 
when  he  looks  towards  the  unseparated  rent  in  the  direction  a  b, 
fig.  2.     lc\s  the  upper  side,  and  d  i  the  under  side  of  the  unsepa- 
rated rent.    The  dotted  lines  d  h  represent  the  angular  figure  of  the 
separated  rent  on  the  under  side,  and  the  lines  bfg  the  same  figure 
of  this  rent  on  the  upper  side  of  the  separated  rent.     Suppose  the 
line  id  represent  a  stratum  on  the  under  side  of  the   unseparated 
rent,  then  tlie  line  If  will  represent  the  same  stratum  on  the  up- 
per side  of  this  rent.     Again,  let  the  line  li  k  represent  the  stratum 
in  which  the  lowest  extremity,  h,  of  the  separated  rent  on  the  under 
side  of  the  unseparated  rent  is  situated,  then  the  line  g  will  be  the 
same  stratum,  and  one  that  contains  the  lowest  extremity  of  the 
former  rent  on  the  upper  side  of  the  latter  rent.     Now  a  line,  df^ 
drawn  from  d,  down  the  rent  B  B,  at  right  angles  to  its  horizontal 
direction  c  b,  will  pass  through  the  point^j  and  a  similarly  disposed 
line,  drawn  from  the  point  h,  will  pass  through  the  point  g ;  hence 
the  part/^  is  equal  to  the  part  h  d,  and  both  make  a  similar  angle 
with  the  perpendicular  line  g  c;  but  the  top  of  the  part /g  is  a 
given  distance  below  the  top  of  the  part  hd;  this  distance  is  equal 
to  that  which  the  strata  are  lower  on  the  upper  than  on  the  under 
side  of  the  unseparated  rent.     Continue  the  rent  ^  /upwards  in  its 
natural  direction,  till  it  reaches  the  line  b  c,  say  at  b :  at  that  place 
it  is  the  distance  b  d  from  the  other  part  of  the  rent.     This  hori- 
zontal  distance   between  the   two  parts  of  the  separated  rent,  is 
caused  entirely  by  the  strata  sinking  lower  on  the  upper  than  on  the 
under  side  of  the  unseparated  rent,  and  carrying  down  with  them 
the  separated  rent  on  that  side  lower  than  the  strata  carry  its  oppo- 
site part  on  this  side  of  the  rent ;  for  it  is  evident  that,  if  the  stra- 
tum cr  be  elevated  to  h  k,  and  the  stratum  //'to  di,  the  part  of  the 
separated  rent,/^,  will  be  directly  opposite  the  part,  h  d,  of  the  same 
rent. 

The  unseparated  rent  in  all  junctions  has  hitherto,  for  the  fol- 
lowing reasons,  been  considered  the  newer  rent.  The  tabular 
masses  in  the  unseparated  rent  preserve  their  usual  arrangement 
opposite  the  ends  of  the  separated  rent,  while  these  masses  in  the 
latter  rent  end  against  the  side  of  the  former  rent ;  hence  the  se- 
{larated  rent  must  first  have  been  formed  and  supplied  whh  its  con- 
tents, then  another  or  unseparated  rent  produced  across  the  rent, 
which,  of  course,  would  separate  it,  and  which,  in  consequence  of 
being  formed  the  last,  would  not  have  its  contents  disturbed  oppo- 
site that  rent  which  it  crossed.  But  such  an  arrangement  of  mat- 
ters in  rents  at  these  junctions  docs  not,  by  any  means,  warrant 
this  conclusion  !  For,  if  the  separated  rent  be  the  older,  the  ta- 
bular masses  in  it  must  have  been  in  such  a  state  of  solidity,  that 
when  the  formation  of  the  unseparated  rent  comnjenced,  they  could 
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retain  their  situations.  But  we  have  only  to  say,  that  the  unsepa- 
rated  rent  is  the  older,  and  that  the  tabular  masses  in  it  were  so 
sufficiently  consolidated  as  to  preserve  their  situations,  when  the 
separated  rent  was  formed  and  filled,  and  the  arrangement  of  these 
masses  will  evidently  support  this,  equally  as  well  as  the  other  as- 
sertion :  this  reasoning  will  not,  therefore,  of  itself,  decide  whether 
is  the  older  rent.  When  the  unseparated  rent  is  the  larger,  it  is 
as  old  as,  and  probably  older  than,  the  separated  rent.  For,  the 
formation  of  all  rents  commenced  at  their  lowest  extremities,  and 
as  the  larger  rent  extends  farther  downwards  than  the  smaller,  if 
their  respective  dimensions  be  taken  from  one  level,  that  part  of 
the  former  which  is  below  the  lowest  extremity  of  the  latter  must 
have  been  the  soonest  forming ;  and  it  is  certain  that  the  larger 
rent  would  commence  in  the  stratum  containing  the  lowest  extre- 
mity of  the  smaller  rent,  as  soon  as  this  rent  commenced  in  that 
stratum.  Whether  rent  took  the  lead  upwards  we  cannot  tell  with 
certainty:  but  that  there  has  not  been  much  difference  in  point  of 
time  between  these  unseparated  rents  which  contain  the  first  and 
second-formed  earthy  tabular  masses,  and  those  separated  rents 
which  contain  the  earthy  and  metallic  masses,  is  very  probable ; 
because  the  first-formed  earthy  masses  in  both  rents  clearly  point 
out  the  small  degree  of  the  matter's  solidity  at  the  commencement 
of  the  formation  of  both  these  rents.  One  circumstance  inclines 
me  to  suppose  that  the  iniseparated  rent  is  the  older  ;  namely,  the 
existence,  in  this  rent  near  these  junctions,  of  large  metallic  tabu- 
lar masses,  which  are  similar  to  the  metallic  masses  in  the  separated 
rent,  and  which  are  not  found  in  oilier  parts  of  the  unseparated 
rent,  except  in  very  small  quantities.  For  it  is  probable  the  hol- 
low places  which  contain  these  metallic  masses  were  produced 
after  tliose  first- formed  earthy  masses  near  which  they  are  situated, 
and  that  the  metallic  matter  passed  out  of  tlie  separated  rent  into 
these  hollow  places  in  a  fluid  state.  Now  the  metallic  masses  in 
the  separated  rent  being  cotemporary  with  the  first-formed  earthy 
tabular  masses  in  it,  it  is  clear  that  they  were  not  produced  as  soon 
as  the  first-formed  earthy  tabular  masses  in  the  unseparated  rent ; 
hence,  this  is  older  than  that  rent.  But  in  all  junctions  where  the 
unseparated  rent  is  the  smaller,  it  is  the  newer  rent;  and  then  its 
contents  indicate  its  newness. 

There  are  four  distinct  examples  of  the  horizontal  junctions  of 
bended-tabular  rents,  and  eight  angular  junctions  of  the  same  rents; 
but  as  these  junctions  could  not  be  described  without  reference  to 
drawings,  I  have,  for  the  present,  omitted  them.  Tlie  junctions 
also  of  bended-tabular  with  all  other  rents,  1  need  not  at  present 
describe,  as  excellent  descriptions  of  many  of  tliem  will  be  found 
in  Williams'  Mineral  Kingdom,  and  as  the  reader  will  have  no  dif- 
ficulty in  referring  all  their  phenomena  to  tlie  cause  which  1  have 
alreatly  pointed  out;  namely,  the  unequal  contraction  of  the  earth's 
matter. 

June  7,  1815. 
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Article  IX. 

Extract  of  a  Letter  from  Professor  Berzelius  to  Professor  Gillert.^ 

Stockholm^  Oct.  8,  ISU. 

Few  letters  have  given  me  so  much  pleasure  as  that  which  I 
found  from  you  on  ray  return  from  Fahlun,  where  I  had  been  the 
whole  summer.  I  had  been  long  without  hearing  from  you,  and 
none  pf  my  acquaintances  who  had  been  at  the  battle  of  Leipsick 
could  give  me  any  information  respecting  you,  I  was  apprehensive 
ia  consequence  that  you  were  no  longer  in  the  land  of  the  living. 

I  have  not  yet  answered  the  objections  of  Dr.  Fischer,  of  Breslau, 
to  ray  analysis  of  nitrate  of  silver.  The  experiment  of  Dr.  Fischer, 
who  obtained  an  explosion  by  heating  nitric  acid  over  muriate  of 
silver,  did  not  succeed  with  me.  f  I  repeated  the  experiment  ac- 
cording to  his  directions ;  but  no  explosion  followed.  After  Davy's 
azotane  became  known,  I  made  some  experiments  with  it,  and 
satisfied  myself,  from  the  smell,  that  whenever  concentrated  mu- 
riatic acid  and  concentrated  red  nitric  acid  are  digested  together, 
this  remarkable  compound  is  always  formed ;  but  I  have  not  in 
these  cases  observed  any  explosion.  Warned  by  Fischer's  state- 
ment, 1  always  placed  the  vessel  in  which  this  mixture  was  digested 
in  a  separate  and  safe  place.  It  is  exceedingly  probable  that  this 
peculiar  botly  is  nothing  else  tlmn  aqua  legia  quite  free  from  water j 
for  it  dissolves  slowly  in  water,  and  forins,  as  Davy  likewise  re- 
marked, a  weak  aqua  regia.  These  few  observations  show  clearly 
that  Davy's  analysis  of  this  substance  is  inaccurate,  and  that  he  cor- 
rected his  results  in  consequence  of  theoretical  views. 

Hitherto  too  little  attention  has  been  paid  to  the  combinatioa  of 
acids  with  acids,  and  to  acids  free  from  water.  Hence  the  reason 
why  so  much  of  the  wonderful  has  been  observed  in  isokted  obser- 
vations, which,  when  the  whole  mass  of  cliemical  facts  are  surveyed, 
lose  every  thing  wonderful,  and  harmonise  with  oiu-  previous  know- 
ledge. 

How  much,  for  example,  have  chemists  wondered  at  the  smoking 
state  of  sulphuric  acid  r  yet  they  missed  observing  the  real  nature  of 
that  body ;  for  though  it  was  known  that  common  sulphuric  acid 
contains  abundance  of  water,  and  that  the  smoking  Nordhauser 
sulphuric  acid  forms  with  water  common  sulphuric  acid,  and  with 
the  bases  common  sulphates ;  yet  the  consequence  was  not  drawn 
tliat  the  smoking  acid  contains  no  water. 

•  Translated  from  Gilbert's  Annalcn  di-r  Physik  for  Nov.  1814,  vol.  xlviii. 
p.  387.  I  have  been  induced  to  publish  it  here,  because  it  contains  some  opinions 
relative  to  British  chemists  with  which  I  think  they  ought  to  be  acquainted.  Gil- 
bert's Annalcn  contains  many  other  similar  leUt-rs. — T. 

+  The  explosion  only  takes  place,  as  Dr.  Fischer  has  more  lately  stated,  (An- 
nalen,  xlvi.  4S9,)  when  diluted  nitric  acid  or  aqua  regia  ii  boiled  over  horn  silver 
but  Dot  when  these  acids  arc  concentrated. — GiuBERr. 
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This  anhydrous  sulphuric  acid  agrees  in  various  points  with  the 
anhydrous  acid  formed  by  the  action  of  aqua  regia  upon  sulphuret 
of  carbon.  Anhydrous  sulphuric  acid,  this  triple  acid,  nitrous 
sulphuric  acid,  murio-carbonic  acid  (phosgene  gas),  nitro-muriatic 
acid,  fluo-boric  acid,  &c.  form  a  complete  new  tlass  of  chemical 
compounds.  Some  of  these  compounds  contain  no  water,  and 
show  in  consequence  properties,  which,  from  the  analogy  of  the 
hydrous  acids,  we  could  not  have  expected,  and  which  they  lose  as 
soon  as  they  come  in  contact  with  water.  Some  of  them  are  evert 
decomposed  by  this  liquid,  the  water  introducing  a  new  play  of 
affinities.  As  long,  however,  as  chemists  are  involved  in  the  maze 
into  which  they  have  been  led  by  the  new  hypothesis  respecting  the 
nature  of  muriatic  acid,  they  will  not  be  able  to  see  these  appear- 
ances in  a  proper  and  general  point  of  view. 

I  have  published  in  Dr.  Thomson's  Annals  of  Philosophy  an 
examination  of  Davy's  new  hypothesis,  and  of  the  old  doctrine 
respecting  the  nature  of  muriatic  acid,  and  I  have  produced  a  very- 
decisive  argument  against  Davy's  hypothesis,  furnished  me  by  the 
analysis  of  the  submuriates  of  copper  (as  well  as  those  of  lead)  con- 
taining water  o^  crystallization.  The  proportion  of  these  two  sub- 
stances is  such  that  the  quantity  of  oxygen  in  the  water  of  crystalli- 
zation is  equal  to  that  in  the  oxide  of  copper  according  to  the  old 
theory :  but  according  to  Davy's  hypothesis,  which  supposes  mu- 
riatic acid  composed  of  one  volume  of  hydrogen  and  one  volume  of 
chlorine,  we  find  the  corresponding  quantity  of  oxygen  in  the  oxide 
of  copper ;  but  one-fourth  of  the  water  must  be  abstracted  in  order 
to  form  the  muriatic  acid  and  oxide  of  copper.  Hence  it  follows 
that  the  oxygen  in  the  water  is  to  that  in  the  oxide  of  copper  as  3  :  4. 
Hence  Davy's  hypothesis  is  inconsistent  with  the  doctrine  of  definite 
proportions. 

Both  Dr.  Thomson  and  Sir  Humphry  Davy  have  answered  this 
objection  in  a  manner  that  has  astonished  me.  Dr.  Thomson's 
answer  is  barely  this :  "  Berzelius's  arguments  are  not  at  all  hostile 
to  Sir  H.  Davy's  theory."^*  And  Davy  himself  says,  in  his  last 
Bakerian  lecture,  ''  I  cannot  regard  the  arguments  of  my  learned 


•  Since  Eerzelius  does  not  porceive  the  fallacy  of  his  argument,  I  shall  point 
it  out  to  hiin  here.  His  submiiriate  of  copper  is  a  compound  of  muriatic  acid, 
ojtide  of  copper,  and  water.  I  have  no  doubt  that  his  analysis  of  it  is  nearly 
accurate;  and  that  the  law  which  he  points  out  and  applies  to  il  is  correct.  But 
this  has  nothing  whatever  to  do  with  Davy's  theory,  because  the  salt  in  question  ii 
cot  a  chloride,  but  a  muriate.  Suppose  we  were  to  convert  it  into  a  chloride  by 
exposure  to  heat,  (the  process  in  the  present  case  would  not  answer  ;  but  we  may 
inppose  it;>  in  that  case  all  the  water  would  be  driven  off,  the  osygen  of  the 
copper  would  combine  with  the  hydrogen  of  the  acid,  and  fly  off  in  the  state  of 
water,  and  nothing  would  remain  but  chlorine  and  copper.  Here  Berzelius's  laws 
could  not  apply,  because  neither  water  nor  oxygen  is  present  in  the  compound. 
It  is  amaziug  to  me  that  so  acute  a  man'as  Dr.  Berzelius  should  advance  so  futile 
an  argument.  It  can  only  proceed  from  his  never  having  made  himself  acquainted 
with  ihe  details  of  the  theory  which  he  was  opposing.  Muriates  exist  as  well  as 
chlorides;  though,  as  they  always  contain  water,  they  are  not  so  easily  examined. 
All  hii  other  arguaients,  like  litis,  arc  founded  on  misconceptions. — T. 
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friend  as  possessing  any  weight — and  there  is  no  general  canon  with 
respect  to  the  multiples  of  proportions  in  which  different  bodies 
combine,"  &c. 

My  experiments  upon  the  constant  and  definite  proportions 
which  exist  in  compounds  I  have  been  at  some  pains  to  get  trans- 
lated into  English  and  published  in  Great  Britairr.  However,  sufli- 
cient  attention  has  not  yet  been  paid  to  them  in  that  country.  In  a 
treatise  upon  the  Daltonian  theory  of  chemical  proportions.  Dr. 
Thomson  has  given  the  whole  merit  to  Dalton.  My  laws  are  only 
mentioned  to  be  refuted  ;  and  when  they  do  not  immediately  follow 
from  Dalton's  atomic  doctrine,  to  be  discarded  without  further 
proof.  The  consequence  is,  that  my  experiments  have  only  been 
handled  in  a  very  slight  manner.  A  friend  has  communicated  to 
me  from  London  some  preliminary  information  respecting  Wollas- 
ton's  treatise  on  Chemical  Equivalents,  in  which  he  has  employed  a 
sliding  rule  for  the  discovery  of  the  requisite  proportions.  He  adds, 
*'  I  have  the  pleasure  to  be  able  to  say  that  Dr.  Wollaston  has 
therein  admitted  the  accuracy  of  your  numerous  labours."  But  this 
excellent  philosopher,  of  whose  friendship  I  am  proud,  has  not 
named  me.  At  present  being  uncertain  how  the  oxalates  are  com- 
bined, he  has  made  some  experiments  respecting  them ;  and  my 
friend  says,  "  I  have  the  satisfaction  to  find  that  his  experiments 
agree  with  yours." — Lately  attempts  have  been  made  to  show  that 
Higgins  was  the  discoverer  of  the  atomic  theory,  and  a  dispute  on 
the  subject  has  arisen  between  Dalton  and  Higgins.  Dr.  Thomson 
says,  that  even  if  the  atomic  doctrine  had  escaped  Dalton,  it  would 
have  been  discovered  by  other  English  philosophers  ;  and  after- 
wards, in  order  to  correct  the  improper  use  of  the  word  Evglisk,  he 
explains  himself,  by  informing  us  that  he  alluded  to  Dr.  Wollaston. 
\Vc  may  see  in  this  example  how  difficult  it  is  in  England  to  esti- 
mate foreigners  correctly.  *  You  need  not,  therefore,  be  surprised 
that  your  Annals  are  not  better  known  in  England.  When  I  was 
in  tliat  country  I  allowed  some  numbers  of  your  Annals  to  come 
from  Sweden,  that  I  might  be  able  to  get  my  papers  translated  out 
of  them.  However,  had  not  Dr.  Thomas  Young,  Foreign  Secre- 
tary of  the  Royal  Society,  undertaken  the  translation  out  of  friend- 
ship for  me,  1  should  have  found  it  difficult  to  meet  with  a  single 
chemist  in  the  whole  country  who  could  have  translated  the  papers 
in  question.  Mr.  Accum  and  Mr.  Brande  are  Germans  by  birth. — 
You  will  receive  from  me  in  a  short  time  a  second  and  third  ap- 
pendix to  my  experiments  on  the  definite  proportions  in  which  bo- 
dies combine. 


•  That  novelty  of  matter  has  more  sliare  in  this  than  the  circumstance  of 
fiireigoer  appi-ars  to  me  evident,  among;  other  things,  from  Dalton's  vindication  of 
his  atomic  doctrine,  which  does  not  appear  groiimlless,  and  from  Mr.  Mier's  de- 
terminations rcspcctini:  azotic  gas,  with  both  of  which  1  shall  shortly  make  my 
readers  acquainted,  the  former  terminates  as  follows:  "Notwithstanding  this, 
whaiever  may  come  from  the  pen  of  Berzelius  on  the  subject  will,  no  doubt,  be 
worthy  the  attention  of  the  clic.riical  world."— Cilbkrt. 
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You  ask  me  to  examine  what  Gay-Lussac  has  advanced  respecting 
the  nitrous  gas  eudiometer,  and  to  repeat  the  experiments  on  which 
his  method  is  founded,  because  they  are  in  opposition  to  my  views 
relative  to  nitric  and  nitrous  acids.  I  acknowledge  that  1  feel  no 
inclination  to  undertake  such  a  task.  I  am  always  averse  to  disputes; 
and  if  I  were  to  engage  in  one,  it  must  be  of  such  a  nature  that  it 
could  be  fully  resolved  by  experiment.  This  is  not  the  case  with 
Gay-Lussac' s  experiments.  Dalton  has  already  shown,  with  toler- 
able accuracy,  that  according  as  there  is  an  excess  of  nitrous  or 
oxygen  gas,  a  maximum  or  minimum  of  nitrous  gas  will  be  ab- 
sorbed, both  measured  by  the  quantity  of  oxygen  gas  which  is  like- 
wise absorbed.  On  this  maximum  or  minimum  usually  depends 
the  formation  of  pure  nitric  or  nitrous  acid.  The  question,  there- 
fore, comes  to  this  :  whether  between  these  two  points  there  are 
gradations,  consisting  of  combinations  of  determinate  proportions 
of  nitric  and  nitrous  acids,  or  not;  and  likewise  whether  the  results 
of  Gay-Lussac  be  those  which  he  really  obtained,  or  whether  he  did 
not  correct  them  by  his  views  of  true  theory.  The  solution  of  these 
questions  is  attended  with  too  much  difficulty  for  me  to  bestow  upon 
them  the  time  that  would  be  required  for  their  examination. 

M.  Avogrado's  remarks  upon  my  electro-chemical  theory  I  have 
already  read  in  the  Annales  de  Chimie.  He  appears  not  to  know 
the  treatise  on  the  chemical  action  of  the  electrical  pile  by  Hisinger 
and  myself.  His  remarks  upon  my  use  of  the  terms  eleclro-positive 
and  electro-negative  are  correct.  They  had  been  already  anticipated 
in  your  Annals,  on  occasion  of  my  experiments  and  those  of  Davy. 
I  had  changed  them  for  others  long  before  Avogrado's  paper  ap- 
peared, as  may  be  seen  from  my  papers  published  in  England. 
Some  additions  to  the  electro-chemical  theory,  which  these  papers 
contain,  and  which  hitherto  are  unknown  both  in  Germany  and 
France,  are  perhaps  worthy  of  your  attention.  You  will  find  them 
in  my  treatise  on  the  Cause  of  Chemical  Proportions. 

Van  Mons  has  communicated  to  me  the  discovery  that  he  has 
decomposed  the  fluates  at  a  red  heat  by  means  of  hydrogen,  and 
obtained  compounds  of  fluoric  acids  and  metals  destitute  of  oxygen. 
Certainly  this  is  strange.  It  ought  likewise  to  be  inaccurate,  accord- 
ing to  his  preconceived  opinions.  Has  he  obtained  a  fluoric  oxide, 
or  a  compound  oi  Jluoricum  with  metals  ?  Had  he  given  me  the 
names  of  the  salts  on  which  he  made  his  experiments,  it  would  have 
been  easy  to  have  investigated  the  subject.  But  I  must  wait  for  a 
more  accurate  account  of  his  experiments,  which  he  has  promised 
me,  before  I  can  repeat  them. 

You  say  to  me  that  diiicrent  persons  wish  that  I  would  give  an 
example  how  I  make  accurate  chemical  analyses  on  a  small  scale. 
This  would  be  a  difficult  task ;  for  I  believe  that  I  possess  no  other 
method  or  greater  dexterity  than  other  chemists.  I  seldom  work 
upon  a  small  scale.  Most  of  my  analyses  are  performed  with  ten 
or  five  grammes,  that  is  to  say,  with  160  or  SO  Nurnberg  medicinal 
grains  (154-44  and  77'2-  grains  troy) ;  and  this  I  believe  is  the  best 
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quantity  for  chemical  analyses.  The  difficulty  is  increased  when 
either  much  more  or  much  less  is  employed.  In  all  mv  analyses  T 
haye  th,s  rule  before  my  eyes:  "  EndeLur  to  find  a^3d  of 

rn^TH  " /^>  '^'/r^'"^  ^^P^"^^  ^^  1^"'^  as  possible  upon  the 
manual  dexterity  of  the  operator.     When  this  is  found,  consider 

what  unayoidable  crcumsta^ices  interyene  to  render  the  result   in! 

accurate    and  whether  by  their  means  the  quantities  obSned  are 

mcreased  or  diminished.     Then  make  a  seco^nd  analysis    bwliidt 

all  these  circumstances  act  in  a  way  directly  contrary.     If  the  r^uUs 

agree,  the  experiment  is  accurate."     For  example,  you  wilifind  a 

my  analysis  of  red  ox.de  of  iron  that  in  one  of  my  expl  ments  I 

dissolved  the  iron  m  a  weighed  glass  capsule,  eyaporated    he  solu- 

lon,  and  exposed  the  oxide  to  a  red  heat.     Here  no  loss  was  pos- 

sible.     In  a  second  experiment  I  dissolved  the  iron  in  aqua   e?S 

precipitated  It  by  ammoma,  washed  the  oxide  upon  a  weighed  fiher' 

and   exposed  it  to  a  red  heat.     Here  no  increase  was^poss^  e  - 

nothing  but  a  diminution  could  take  place.     But  both  exper  ments 

gave  the  same  results.     Hence  I  concluded  that  in  the  first  ex  peri 

ment  no  increase  of  weight  had  taken  place,  from    le  impi  ri?y"f 

emlf;hir.    ',Tr"°*^'l''^'^^^'  ^"d  t'^^t  "^  these™  d^no 
lemarkabe  loss  had  been  sustained,  in  consequence  of  the  inaccu- 

eaTnt  to  Lrf^"'^  'fT'^-    f'  '^'^'^  p'^P^^-»  checks  5  live 
learnt  to  look  for,  and  to  avoid,  sources  of  inaccuracy.     I   have 

pointed  out  several  of  these  sources  in  my  manual  of  chemistrv 

under  the  article  znorganic  substances.     Still,^  however,  a  fooTdell 

depends  upon  manual  dexterity  and  long  practice  :  so  that  it  is  .1 

impossible  to  make  an  accurate  chemist  by  written  direct  on   as  t  is 

But  my  letter  is  already  too  long.  Berzelius. 


Article  X. 

Astronomical  and  Magnetical   Observations  at   Hackney  IHck 

By  Col.  Beaufoy. 

Latitude,  510  32'  40-3"  North.      Longitude  West  in  Time  6"-XV- 

■^"bvlh";  """'*''"''"  °*"''^*""'/^°"""«'"''"---.     9'^  20'    11"-)  Mean    Tin,.  ,» 

Juoe  II,  Emtrsion  of  Jupiter's  fllh  ^S'    10"      \i^^„t-  .  ,.     . 

'"SateUite \n     33     ij        Mean  Time  at  Hackney  Wirk. 

l'*     ^■^    -^       Ditto  at  Greenwicli. 
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Masnetical  Ohservations* 


1815. 


Month. 


Morning  Observ. 


Way 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 


18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


Hour. 

Variation. 

8h  35' 
8    45 
8    33 

24»   16'    29" 
24     19    00 
U     17     10 

29!  8 
301  8 
31'  8 


35 
40 
50 
50 
40 
40 
35 
35 
25 
10 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


16  17 

16  5S 

16  32 

17  52 
16  51 
15  22 

13  57 
15  05 

14  16 

15  18 


Noon  Observ. 


Hour.      Variation. 


1 
1 
1 
1 
1 


30 
40 
35 
35 
30 


1  35 


40 
45 
40 
40 


24  26  03 

24  28  38 

24  2«  28 

24  26  58 

24  29  27 


24  27  42 

24  28  60 

24  28  03 

24  26  59 

24  25  34 


Evening  Observ. 


Hour.  I  Variation. 


7h  15'  I240  20'  IS" 


20 
15 
10 


24  20  04 

24  20  07 

24  18  54 

10  24  18  53 

10  24  17  34 


7  05 
7  15 


7  05 
7  10 
7  15 


24  19  0(5 
24  19  00 


24  18  50 
24  18  26 
24  19  45 


Mngnetical  Ohservations  continued. 


1815. 


M 

orning  Observ. 

Noon  Observ. 

E 

vening  Observ. 

Month 

1 

Hour. 

Variat 

on. 

H 

jur. 

Variation. 

Hour, 

Variation. 

June 

SI- 

40' 

24/1 

17' 

05" 

h 

1 

0 

/        // 

7h 

03' 

24° 

19'    16' 

Ditto 

2 

8 

35 

24 

15 

43 

— 

— 

— 

—     — 

— 

— 

—    — 

Ditto 

3 

— 

— 

— 

— 

— 

— . 

— 

— 

—     — 

7 

05 

24 

19     19 

Ditto 

4 

8 

40 

24 

17 

00 

1 

20 

24 

27     20 

— 

— 

— 

—    — 

Ditto 

5 

8 

25 

24 

16 

02 

— 

— 

— 

—    — 

— 

— 

— 

_     — 

Ditto 

9 





— 

— 

— 

— 

>— 

— 

"""     ^~ 

7 

05 

24 

18    53 

Ditto 

10 

8 

30 

24 

16 

03 

1 

30 

24 

29     15 

7 

05 

24 

18    24 

Ditto 

11 

8 

40 

24 

16 

46 

I 

40 

24 

28     50 

7 

10 

24 

17     39 

Ditto 

12 

8 

30 

24 

16 

19 

— 

— 

—    — 

— 

— 

— 

—    — 

Ditto 

13 

— 



— 

— 

— 

I 

30 

24 

25„53 

— 

— 

— 

—    — 

Ditto 

14 

8 

40 

24 

16 

04 

1 

30 

24 

27     09 

7 

05 

24 

18    31 

Ditto 

15 

8 

40 

24 

16 

39 

1 

35 

24 

26    40 

7 

05 

24 

21     07 

Ditto 

16 

8 

35 

24 

17 

10 

1 

15 

24 

27     37 

— 

— 

— 

—    _. 

Ditto 

17 

8 

45 

24 

15 

38 

1 

10 

24 

26     28 

7 

25 

24 

21     34 

TMoming  

1813. 

1814. 

1815. 

April... 

24°   09'    18" 
24    21     12 
24     15    25 
24     12    02 
24    20    54 
24     13    47 

24°  12'    53" 
24    23     53 
24     15    30 
24     13     12 
24    22     IS 
24     16     14 

24»   16'    01" 
24    27     42 

24     17     48 

May  . . . 

r Morning    

, ,  /  S  oon  ,. 

24     16     32 
24     27     03 

(^  l'\enin^ 

24     19     12 
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There  appears  to  be  a  singular  increase  of  the  variation  in  the 
month  of  April,  more  particularly  so  in  May  and  June.  Suspecting 
there  might  be  some  error,  the  source  of  which  was  in  the  instru- 
ment, but  which  I  Gould  not  discover,  I  sent  it  to  the  maker,  Mr. 
Dollond,  who  examined  it,  sharpened  the  point  of  suspension,  and 
placed  new  agates  in  the  needles,  which  alterations  do  not  seem  to 
have  affected  the  result  of  the  observations.  May  it  not  therefore 
be  justly  inferred  that  the  increase  is  real,  and  not  apparent  ?  One 
circumstance  is  indubitable,  which  is,  that  the  vibration  of  the 
needle  has  been  seldom,  and  of  small  extent,  since  the  20ih  of 
February  last,  on  which  day  the  needle  vibrated  between  28  and  29 
minutes. 

The  immersion  and  emersion  of  yj  Cancri  was  instantaneous,  and 
no  diminution  of  the  star's  light  was  perceptible. 

The  dew  which  fell  on  the  instrument  rendered  the  observation 
on  the  Uth  inst.  doubtful  to  a  few  seconds. 

i>„.     (.„ii (Between  nnon  of  the  1st  May  >  ,  ,oi   •     u 

Kain  fallen  i„  ,  c  .1,    i  .   t        ?  I'ISl  ineh, 

i  lietneen  noon  of  the  1st  June  J 

Evaporation  during  the  same  period ti'TO 


Article   XI. 


Recovery  of  the  yiachen  Mass  of  Native  Iron.    In  a  letter  from 

Dr.  Benzenberg.* 

Kloster  Bruggen,  near  Creftld,  Dec.  15,  1814. 

You  will  already  know  that  the  great  mass  of  native  iron  at 
Aachen,  which  had  been  lost,  has  been  lately  again  found.  I  went 
last  week  to  Aachen  to  see  it,  and  can  give  you  the  following  infor- 
mation respecting  it. 

In  the  year  \'JG2  Councellor  Lbber  was  with  Maximilian  Prince 
of  Saxony  at  the  baths  of  Aachen,  as  his  physician.  At  the  time 
they  inhabited  the  house  called  Blichel,  at  the  new  bath.  Lober 
observed  in  the  pavement  an  uncommonly  large  iron-stone.  He 
requested  liberty  to  dig  it  up,  obtained  it,  and  took  some  specimens 
of  it. .  He  gave  some  of  the  smallest  to  the  physician  Dr.  Kretsch- 
mann,  in  Dresden,  whose  collection  of  minerals  came  into  the 
possession  of  the  University  of  Wittenberg.  This  information  is  to 
be  found  in  the  Wittenberg  Weekly  Paper  for  1773,  page  36; 
from  which  it  found  its  way  into  -he  Memoirs  of  the  Berlin  Natural 
History  Society,  vol.  vii.  page  323.  By  a  mistake  of  the  writer  in 
both  accounts,  Akcn  is  substituted  for  Aachen  j  and  Chladni,  who 
mentions  this  mass  of  iron  in  his  well-known  treatise,  considers  the 
place  as  Aken  in  Magdeburg.     Letters  were  written  to  Aken  on  the 

'  Traoblatcd  from  Gilberl'i  Annalen  der  Physik  for  Dec.  1814,  Tol.xlviii.  p.  410. 
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subject;  but  there  they  knew  of  no  mass  of  iron  whatever.  It 
was  then  referred  to  Aachen,  in  another  paper  which  appeared  in 
1804,  on  native  iron.  Probably  tiie  mistake  was  discovered  by  the 
reference  to  the  baths  in  the  original  paper. 

In  the  year  1812  Dr.  Chladni  wrote  to  the  Consistorial  President, 
Frederick  Jakobi,  at  Aachen,  requesting  information  respecting 
this  mass  of  iron.  As  Dr.  Lesoinne  could  give  no  intelligence 
respecting  it,  he  and  apothecary  Monheira  applied  to  the  old  town 
secretary,  Couver.  He  recollected  the  digging  up  of  the  mass  in 
1762,  and  that  some  pieces  had  been  struck  off,  and  deposited  in 
the  town-house,  but  had  been  soon  after  lost.  The  mass,  he  said, 
had  been  again  deposited  in  the  place  from  which  it  had  been  dug, 
and  the  surface  again  plastered  over.  Fourteen  days  after  this  in- 
formation Couver  died,  at  the  age  of  78. 

Mr.  Monheim  gave  this  information  to  Troramsdorf,  who  pub- 
lished it  in  his  journal  in  1812.  Professor  Weiss,  in  Berlin,  endea- 
voured to  interest  the  Academy  in  the  re-discovery  of  this  mass  of 
iron  in  a  town  which  belonged  to  the  general  government  of 
Prussia,  In  consequence  an  order  was  obtained  from  the  Chancellor 
Prince  Hardenberg  to  the  Governor-General  Sack  to  fulfil  the 
wishes  of  the  Academy, 

The  plaster  being  again  removed,  and  the  bottom  examined  for 
several  days,  the  mass  of  iron  was  at  last  found,  dug  up  amidst  a 
crowd  of  people,  and  brought  into  the  court  of  Mr.  Biergans,  Di- 
rector of  the  Circle,  where  it  lies  at  present. 

It  is  covered  with  iron  ochre,  and,  like  all  similar  masses,  is  of 
an  irregular  shape,  approaching  to  the  oval.  Its  length  is  four  feet 
nine  inches ;  its  breadth,  two  feet  eleven  inches ;  and  its  thickness 
two  feet  six  inches ;  and  its  specific  gravity,  determined  by  a  piece 
struck  off  from  it,  is  GJ.  The  whole  weight  amounts  to  about 
10,000  lbs.,  supposing  we  reduce  the  size  to  4  or  |-  in  order  to  con- 
vert it  into  a  parallelogram.  The  coating  of  ochre  is  half  a  line 
thick  Under  it  there  lies  a  kind  of  bark  half  an  inch  thick,  which 
may  be  easily  separated  from  the  stone.  It  is  greenish,  vesicular, 
and  exhibits  the  marks  of  fire.  Under  this  covering  lies  the  native 
iron.  It  is  extremely  tough.  In  breaking  off  a  few  specimens,  no 
fewer  than  eight  chissels  were  broken.  INIr.  Monheim,  a  pupil  of 
Vauquelin,  has  not  yet  finished  his  analysis  of  it;  but  he  has  ascer- 
tained that  it  contains  no  nickel,  but  is  composed  of  about  i  arsenic 
and  4-  iron.  Perhaps  also  there  may  be  a  third  metal ;  but  it  is  in 
so  small  quantity  that  Mr,  Monheim  has  not  yet  determined  its 
nature.* 

How  this  mass  has  come  to  Aachen,  we  have  no  information. 


f  According  to  the  statement  of  Lober,  the  weight  of  this  mass  of  iron  was 
between  15.000  a'ud  17,000  lbs.,  and  it  was  covered  with  a  coating  from  an  half  to 
one  incli  in  thickness.  It  was  malleable,  and  could  be  hardened  and  polished  like 
the  best  English  steel.  Klaproth  found  no  nickel  in  the  300  lbs.  of  native  iron 
found  at  Villa,  on  the  Cnlliiia  di  Brianza  ;  but  in  the  130  lbs.  from  Ellnbogen  he 
found  2'5  per  cent,  of  nickel. — Gilbert, 
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The  Governor-General  ordered  search  to  be  made ;  but  the  old 
chronieles  are  wanting.  There  is  a  tradition  among  the  people  that 
it  lay  at  the  Biicbel,  and  that  as  long  as  it  lay  there  the  warm  baths 
would  never  fail.  Some  are  of  opinion  that  when  the  castle  of 
Charlemagne  at  Aachen  was  burnt,  the  iron  in  it  was  melted,  and 
formed  this  mass.  Others  are  surprized  that  it  was  not  destroyed  in 
former  times.  My  opinion  is  that  we  ought  not,  without  knowing 
the  conclusions  of  naturalists,  determine  any  thing  respecting  the 
origin  of  this  remarkable  mass  of  iron. 


Article  XII. 


An  Account  of  the  Explosion  at  the  Success  Coal-Pit,  near  New- 
lottle,  in  the  County  of  Durham  :  drawn  up  for  the  Annals  of 
Philosophy. 

Another  dreadful  and  destructive  explosion  of  carbureted  hy- 
drogen gas  took  place  in  the  Success  coal-pit,  near  Newbottle,  in 
the  county  of  Durham,  the  property  of  Messrs.  Nesham  and  Co., 
on  Friday,  June  2,  at  half-past  four  o'clock,  p.  m.  by  which  57 
persons  were  killed  upon  the  spot,  besides  several  wounded. 

The  immediate  cause  of  this  shocking  catastrophe  is  not  clearly 
ascertained  ;  though  it  is  generally  believed  that  the  pitmen  had 
inadvertently  worked  into  the  old  workings,  or  some  place  where 
there  had  been  a  large  collection  of  inflammable  air. 

As  iiU  the  unfortunate  labourers  were  instantly  killed,  and  the 
explosion  and  consequent  very  rapid  return  of  the  atmospheric  air 
after  the  explosion  destroyed  the  headings  and  air  courses,  the 
whole  of  the  colliery  became  so  completely  altered  that  no  correct 
idea  of  the  cause  from  appearances  could  be  formed.  It  is  also  the 
opinion  of  well-informed  persons,  who  were  present  at  the  time  of 
the  accident,  that  from  some  unaccountable  circumstance  the  at- 
mospheric air  could  not  be  sent  down  in  sufficient  quantity,  and  in 
a  proper  direction,  after  the  explosion,  to  those  persons  who  might 
liave  escaped  the  destructive  power  of  the  explosion,  who  might  live 
till  their  scanty  supply  of  atmospheric  air  became  exhausted. 

When  the  explosion  took  place,  72  men  and  boys  were  at  work 
at  the  depth  of  108  fathoms;  and  though  the  greatest  endeavours 
were  made  to  relieve  those  distressed  persons,  only  15  survived, 
some  of  whom  are  in  a  very  precarious  state.  The  explosion  was 
so  great  as  to  carry  every  thing  before  it,  till  it  was  impeded  in  its 
progress  by  a  large  waggon,  which,  with  the  driver  and  horse,  were 
dashed  to  pieces. 

Several  men  in  the  colliery,  after  they  had  escaped  this  tornado 
of  fire,  endeavoured  to  reach  the  shaft ;  but  death  arrested  them  on 
their  road  ;  for  breathing  an  atmosphere  surcharged  with  carbonic 
acid  gas,  tlicir  destruction  now  became  inevitable. 
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Some  of  the  men  survived  till  they  were  brought  up  the  shaft  into 
the  atmosphere,  when  they  died,  perhaps  unable  to  bear  the  sti- 
muhis  of  the  atmospheric  air  after  the  state  of  exhaustion  in  which 
they  had  previously  lived  for  some  time. 

After  a  considerable  explosion  takes  place  in  a  coal-mine,  the 
pitmen  are  often  drenched  with  water,  which  is  probably  occasioned 
by  the  rapid  combustion  of  hydrogen  gas  in  such  a  confined  situa- 
tion, as  may  be  readily  understood  by  persons  conversant  with  che- 
mistry. At  the  same  time  all  the  partitions  and  divisions' being 
broken  down,  whilst  the  air  courses  are  converted  into  a  complete 
wreck,  and  the  whole  atmosphere  of  the  mine  so  much  agitated,  it 
is  to  be  expected  that  the  carbonic  acid  gas  will  be  distributed 
through  the  bottom  of  the  mine,  and  suffocation  become  the  fate  of 
those  persons  who  escape  the  immediate  effects  of  the  explosion. — 
Out  of  19  horses  only  six  died. 

It  is  melancholy  to  relate,  that  in  the  short  space  of  a  month  132 
useful  and  laborious  persons  have  been  numbered  with  the  dead  at 
Heaton  and  the  Success  collieries,  leaving  nearly  300  widows  and 
orphans  to  be  subsisted  by  charity  and  parochial  assistance. 

It  is  curious,  and  perhaps  worthy  of  remark,  that  Robson  and 
Miller,  accomplices  with  Edward  Smiles  in  the  robbery  at  Mr. 
Cuthbert  Pye's,  Scaffold  Hill,  some  time  ago,  are  amongst  the 
killed  in  the  late  accidents  at  Heaton  and  Success  collieries;  and 
upon  the  3d  inst.,  the  day  after  the  latter  accident,  Mr.  Cuthbert 
Pye  himself  died  at  Scaffold  Hill. 

The  efforts  at  Heaton  colliery,  though  very  considerable,  have 
not  yet  been  so  far  successful  as  to  remove  the  water,  and  permit 
the  interment  of  the  unfortunates  who  were  lost  in  that  colliery. 

On  Monday,  June  5,  another  explosion  occurred  at  the  Tyne 
Main  colliery,  by  which  one  man  was  severely,  though  not  fatally, 
scorched. 

As  most  of  the  explosions  in  coal-mines  have  taken  place  in  the 
summer  season,  it  appears  desirous  that  particular  care  be  taken 
during  the  hot  weather,  which,  perhaps,  by  expanding  such  an 
elastic  fluid  as  hydrogen  gas,  may  afford  a  facility  to  such  dreadful 
accidents.  F. 

Netrcastk,  June  12,  1815, 
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XI.  AccmiTtt  of  the  Coal-Field  at  Bradford,  near  Mancliester. 
By  Robert  Bakevvell. — This  coal-field  is  about  t^vo  miles  long,  and 
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2000  yards  broad.  It  lies  over  the  old  red  sand-stone.  Tliere  are 
ten  beds  of  coal,  wbicii  dip  to  tae  south,  at  an  angle  of  about  30°. 
The  other  beds  consist  of  slate- clay  and  bituminous  shale,  with 
iron-stone,  sometimes  in  beds,  sometimes  in  nodules.  Above  the 
first  bed  of  coal  there  lie  three  beds  i>f  lime-stone,  from  two  to  six 
feet  in  thickness,  of  a  reddish-brown  colour,  and  v/ithout  animal 
remains.  The  most  important  bed  of  coal  is  about  the  middle,  and 
is  four  feet  thick.  On  the  north  side  of  the  field,  about  ten  yards 
from  the  red  sand-stone,  a  perpendicular  bed  of  coal  four  feet  thick 
rises  to  the  surface.  It  terminates  the  coal.  The  space  between  it 
and  the  red  sand-stone  being  (illed  with  irregular  fragments  of  rock, 
every  thing  shows  that  this  perpendicular  bed  is  the  same  as  the 
four-feet  bed  in  the  coal-field.  Fourteen  hundred  yards  to  the 
north  of  Bradford  there  is  another  coal-field.  They  are  divided 
from  each  other  by  old  red  sand-stone.  Mr.  Bakewell  supposes  that 
this  sand-stone  has  been  forced  in  horizontally  between  the  two 
fields,  and  has  occasioned  the  change  in  the  direction  of  the  four- 
feet  bed.  He  supposes  likewise  that  the  mill-stone  giit  of  Derby- 
shire is  a  continuation  of  the  old  red  sand-stone. 

XII.  Some  ylccount  of  the  Island  of  Teneriffe.  By  the  Hon. 
Henry  Grey  Bennet,  M.P.  F.R.S.  Pres.  Geological  Society. — 
This  is  the  principal  of  the  Canary  Islands.  It  is  about  70  miles 
long  and  30  broad.  A  range  of  mountains  runs  through  its  centre. 
The  Peak  is  a  little  to  the  south-west  of  the  centre.  Its  height  is 
about  12,500  feet.  Tlie  whole  of  the  island  is  volcanic,  and  all  its 
rocks  are  lava.  Mr.  Bennet  conceives  that  formerly  a  very  large 
crater  (twelve  miles  in  diameter)  existed,  the  sides  of  which,  under 
the  name  Las  Faldas,  may  be  still  traced  a  great  way.  Many 
extinct  volcanoes  are  to  be  seen  every  where.  The  crater  at  the  top 
of  the  Peak  is  but  small,  and  seldom  in  activity.  The  lavas  vary  in 
their  appearance;  some  are  composed  of  horn-blende  and  felspar, 
without  any  foreign  body ;  these  are  porphyritic  j  some  are  com- 
posed of  green-stone,  and  contain  olivine,  augite,  zeolites ;  some 
are  basaltic.  These  decompose  the  soonest,  and  constitute  the 
most  fertile  soil.  There  is  also  pumice  in  abundance,  tufa,  ashes, 
and  a  lava  exactly  resembling  obsidian.  Mr.  Bennet  gives  an 
interesting  account  of  a  journey  which  he  made  to  the  top  of  the 
Peak  in  1810. 

XIII.  On  the  Junction  of  Trap  and  Sand-stone  at  Stirling 
Castle.  By  Dr.  MaccuUoch. — The  appearance  here  described  was 
laid  open  to  view  by  digging  a  new  road  across  the  Castle  Hill. 
Horizontal  Ijcds  of  stand-stone  occur,  at  first  thick,  but  becoming 
thinner  as  they  ascend.  Green-stone  lies  over  them,  and  several  of 
the  beds  of  sand-stone  appear  forcibly  bent  upwards  at  one  end, 
while  the  green-stone  has  insinuated  itself  below  them,  and  filled 
up  the  interval.  The  sand-stone  where  in  contact  with  the  green- 
stone is  converted  into  horn-stone,  or  rather  flinty-slate.  This  fact 
Dr.  MaccuUoch  brings  forward  as  a  confirmation  of  the  Huttonian 
theory  of  the  formation  of  green-stone.    I  have  myself  examined 


58  Analyses  of  Books.  [July, 

with  all  the  requisite  care  the  different  spots  of  a  similar  nature 
pointed  out  by  Dr.  Hutton,  or  his  followers,  near  Edinburgh,  but 
never  was  able  to  perceive  the  force  of  any  of  their  conclusions.  I 
was  long  at  a  loss  to  conceive  what  was  meant  to  be  conveyed  by  the 
term  hulurated  sand-sione.  At  last  a  friend  was  good  enough  to 
«how  me  specimens.  I  found  that  the  indurated  sand-stone  of  Dr. 
Hutton  and  his  followers  is  the  mineral  well  known  by  the  name  of 
fiinty  slate.  Dr.  MaccuUoch  mentions  clay-slate  as  occurring  in 
the  rock  of  Stirling  Castle.     He  obviously  means  slate-clay. 

XIV.  On  the  Economy  of  the  Mines  of  Cornwall  and  Devon. 
By  John  Taylor,  M.  G.  S. — The  mining  concerns  of  Grteat  Britain 
being  all  under  the  management  of  individuals,  without  any  con- 
troul  whatever  on  the  part  of  government,  cannot  be  expected  to 
proceed  with  such  regularity,  or  to  be  conducted  with  such  skill, 
as  in  those  countries  where  the  whole  has  been  for  ages  under  the 
management  of  men  educated  for  the  purpose,  and  where  every 
particular  relating  to  the  mines  has  been  from  the  first  carefully 
recorded.  Yet  the  improvements  which  have  taken  place  in 
mining,  especially  in  Cornwall,  have  been  very  great ;  and  the 
vigour  with  which  mining  is  carried  on  in  that  country  is  truly 
surprising.  Mr.  Taylor  ascribes  this  in  a  good  measure  to  the 
system  which  has  been  gradually  introduced,  and  which  he  de- 
scribes. The  owner  of  the  soil  lets  the  mine  for  21-  years  to  the 
adventurers,  at  a  stipulated  rate,  which  varies  from  ^d  part  of 
the  ore  raised,  to  ith  part,  according  to  circumstances.  The 
mine  is  usually  divided  into  64  shares,  which  are  parcelled  out 
among  the  adventurers.  The  mine  is  under  the  charge  of  a  prin- 
cipal captain  or  agent,  who  has  under  him  several  subordinate 
captains.  These  are  all  practical  miners  of  great  skill  and  inte- 
grity. There  are  other  subordinate  persons  connected  with  the 
mines,  whom  Mr.  Taylor  describes.  The  workmen  are  all  em- 
ployed by  the  piece.  The  work  to  be  done  is  put  up  to  auction 
and  given  to  the  lowest  bidder.  These  sales  are  open,  and  consi- 
derable compstition  often  takes  place  at  them.  The  work  to  be 
done  is  of  three  kinds:  tutwork,  tribute,  and  dressing.  Tutwork 
is  done  by  measure,  as  sinking  of  shafts,  driving  of  levels,  stop- 
ping ground.  Tribute  is  payment  for  raising  the  ore,  dressing  it, 
and  rendering  it  marketable.  Dressing  is  money  given  for  dressing 
those  parts  of  the  ore  which  the  tributers  throw  away.  It  is  to 
this  mode  of  raising  ore  by  contract  that  Cornwall  is  indebted  for 
the  intelligence  of  its  miners,  and  for  most  of  the  improvements 
in  mining  which  have  taken  place  in  it.  The  ore,  when  dressed, 
is  sold  to  the  different  tin  and  copper  companies. 

XV.  On  the  Origin  of  a  remarkable  Class  of  Orgayiic  Impres- 
sions occurring  in  Nodules  of  Flint.  By  the  Rev.  William  Cony- 
beare,  M.  G.  S. — This  substance  was  first  observed  b^  Mr.  Parkin- 
son, and  thus  described  by  him:  '*  Small  round  compressed 
bodies,  not  exceeding  the  eighth  of  an  inch  in  their  longest  dia- 
meter and  horizontally  disposed,  arc  connected  by  processes  nearly 
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of  the  fineness  of  a  hair,  which  pass  from  difFer£nt  parts  of  each 
of  these  bodies,  and  are  attached  to  the  surrounding  ones ;  the 
whole  of  these  bodies  being  thus  held  in  connexion."  He  classes 
them  amopg  the  corals,  acknowledging  at  the  same  time  that  they 
bear  no  resemblance  to  any  known  genus.  Mr.  Conybeare,  in 
this  paper,  shows  that  they  are  silicious  casts  of  cavities,  which 
have  been  formed  in  different  kinds  of  shells  by  some  animalcule, 
which  fed  upon  the  substance  of  the  shell,  and  which,  after  ex- 
hausting one  place,  made  its  way  to  another. 

XVI.  A  Description  of  the  Oxide  of  Tin,  the  Production  of 
Cornwall;  of  the  primitive  Crystal  and  its  Modifications,  including 
an  Attempt  to  ascertain  with  Precision  the  Admeasurement  of  the 
Angles  by  means  of  the  reflecting  Goniometer  of  Dr.  IVollaston ; 
to  which  is  added  a  Series  of  its  crystalline  Forms  and  Varieties, 
By  Mr.  William  Philips,  M.  G.  S. — This  is  a  most  elaborate  and 
exact  delineation  of  all  the  different  crystalline  figures  which  Mr. 
Philips  has  observed  in  Cornish  tin  ore,  referred  to  the  primitive 
figure  of  tin-stone  and  twelve  modifications  of  it.  But  it  would 
be  impossible  to  render  the  paper  intelligible  to  the  reader  without 
the  numerous  figures  which  accompany  it,  and  indeed  constitute 
its  chief  value.  The  primitive  form  is  an  octahedron,  consisting 
of  two  four-sided  pyramids  applied  base  to  base.  The  plane 
formed  by  their  junction  is  a  square.  The  inclination  of  the  faces 
of  one  pyramid  to  those  of  the  other  is  67^^  50'.  The  twelve  mo- 
difications, described  by  Mr.  Philips,  consist  of  the  primitive  form 
altered  by  various  truncatures,  (for  the  language  of  Rome  de  Lisle 
applies  best  to  Mr.  P's  mode  of  desciibing,)  on  the  angles  and 
edges.  The  figures  of  the  different  crystals  given  by  Mr.  P.  are  ia 
general  very  distinct  and  beautiful. 

XVII.  On  some  new  Varieties  of  Fossil  Alcyonia.  By  Thomas 
Webster,  M.  G.  S. — In  the  green  sand- stone  in  the  Isle  of  Wight, 
Mr  Webster  observed  numerous  bodies  exactly  resembling  the 
branches  of  trees;  in  the  lime-stone  he  observed  small  smooth 
round  bodies,  bearing  a  resemblance  to  eels  in  motion.  These 
bodies  occur  in  prodigious  quantities  in  the  romantic  cliffs  of 
Western  Lines.  In  that  place  they  are  found  frequently  termi- 
nating in  bulbous  heads,  bearing  a  certain  resemblance  to  a  closed 
tulip.  He  considers  them  as  casts  of  three  or  four  new  and  hitherto 
undescribcd  species  of  alcyonia. 

XVIII.  Miscellaneous  Remarks  accompanying  a  Catalogue  of 
Specimens  transmitted  to  the  Geological  Society.  By  Dr."  Mac- 
culloch. — This  long  paper  consists  of  remarks  on  the  mineralogical 
structure  of  various  places  in  Scotland.  The  Island  of  llona  con- 
sists chiefly  of  gneiss.  There  are  many  granite  veins  in  which  our 
author  observed  wolfram.  Graphic  granite  is  common,  containing 
a  mineral  which  has  been  termed  chalcedony.  I  believe  it  to  be 
rock  crystal.  Dr.  M.  makes  some  remarks  on  the  impropriety  of 
applying  the  term  green-stone  to  primitive  transition  and  floetz 
rocks.     His  primitive  green-stone  is  obviously  syenite,  from  the 
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description  he  gives  of  it.  He  will  find  this  rock  always  the  same 
in  its  appearanae,  whether  it  occur  in  primitive,  transition,  or 
floetz  formations.  Therefore,  like  lime-slone,  it  must  always 
bear  the  same  name.  Good  specimens  of  primitive  green-stone 
may  be  met  with  in  the  neighbourhood  of  Crieff.  I  do  not  recol- 
lect to  have  met  with  them  any  where  else  in  Scotland.  I  do  not 
understand  what  is  meant  by  the  floetz  green-stone  being  inde- 
pendent of  the  rocks  with  which  it  is  associated.  If  Dr.  M.  will 
travel  from  Kelso  to  Sutra  Hill,  on  the  road  to  Edinburgh,  he  will 
find  in  the  southern  part  of  his  journey,  abundance  of  very  cha- 
racteristic specimens  of  floetz  green-stone.  As  he  advances  north- 
ward, he  will  find  these  characters  slowly  and  almost  imperceptibly 
changing,  till  at  last  the  rock  at  Sutra  Hill  is  pure  grey-wacke. 
In  this  part  of  Scotland  the  transition  from  green-stone  to  grey- 
wacke  may  be  distinctly  traced.  What  is  more  common  than  to 
find  green-stone  passing  into  basalt,  into  wacke,  and  even  into 
slate-clay?  Such  transitions  must  be  familiar  to  every  person  who 
has  examined  the  rocks  about  Edinburgh  and  in  Fife. 

The  Shiant  Islands,  near  Lewes,  are  composed  of  trap  ;  but  the 
Doctor's  descriptions  are  not  sufficiently  minute  and  precise  to 
enable  us  to  know  the  individual  species.  He  terminates  his  ac- 
count, as  usual,  with  an  invective  against  the  inaccuracy  of  the 
present  nomenclature  of  rocks.  Perhaps  a  more  minute  attention 
than  he  seems  to  have  paid  to  the  Wernerlan  division  and  descrip- 
tion of  trap  rocks,  would  have  induced  him  to  alter  his  opinion 
upon  this  subject.  It  appears  to  me  an  odd  way  of  proceeding  to 
estimate  the  progress  which  a  science  has  made,  by  our  own  pro- 
gress in  the  knowledge  of  it. 

The  Island  of  Rum  is  of  so  difficult  access  that  it  was  only  par- 
tially examined.  The  lowest  rock  found  was  a  sand-stone,  sup- 
posed to  have  been  formed  from  granite.  Over  this  was  a  green- 
stone, composed  of  augite  and  felspar,  which  Dr.  M.  thinks 
peculiar  to  Rum.  It  occurs,  however,  in  East  Lothian.  Over 
this  is  an  amygdaloid,  containing  chalcedony,  heliotrope,  and 
plasma.  The  occurrence  of  these  two  last  minerals  in  this  place 
had  been  previously  pointed  out  by  Professor  Jameson. 

The  Scuir  of  Egg,  which  in  magnificence  far  exceeds  the  cele- 
brated columns  of  Staffa,  was  first  pointed  out  by  Professor  Jame- 
son. Dr.  M.  says  these  columns  are  composed  of  black  pitch-stone 
po/phyry.  I  believe,  with  Professor  Jameson,  that  they  consist  of 
a  mineral  intermediate  between  basalt  and  pitch-stone. 

Dr.  M.  gives  an  account  of  a  very  extensive  lime-stone  forma- 
tion, beginning  at  Assynt,  and  running  east,  and  alternating  with 
a  quartz  rock.  He  calls  it  bituminous  lime-stone.  This  name  is 
not  correct.  It  contains  caibon,  and  emits,  when  rubbed,  the 
smell  of  sulphurcted  hydrogen.  It  belongs  to  the  well-known 
lime-stone  formation,  described  and  analyzed  by  John,  under  the 
name  of  liicullite.  It  is  not  possible,  from  Dr.  M.'s  description, 
to  make  out  its  geognostic  relations,     I  have  little  doubt  that  it  is  a 
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transition  lime-stone,  as  lucullite  has  only  been  hitherto  observed 
in  that  position. 

Our  author  gives  a  description  of  the  lime-stone  of  Isla,  and 
says  it  is  the  general  opinion  of  the  Scotch  mineralogists  that  it  is  a 
floetz  lime-stone.  This  is  surely  a  mistake.  Mr.  Jameson,  in  his 
Travels,  calls  it  primitive  lime-stone  ;  and  as  far  as  my  information 
goes,  this  is  the  general  opinion  at  Edinburgh.  How  far  it  is  cor- 
rect, I  have  no  means  of  knowing,  as  I  never  visited  the  island. 

The  craig  of  Ailsa  is  a  well-known  mountain,  that  rises  out  of  the 
sea  at  the  mouth  of  the  Frith  of  Clyde.  Dr.  M.  rightly  calls  it  a 
syenite.  From  its  texture  and  resemblance  to  the  syenite  of  Arran 
there  can  be  little  doubt  tliat  it  is  a  floetz  syenite.  The  rock  of 
Syene  is  a  true  syenite.  It  does  not  occasionally  contain  hornblende; 
that  mineral  is  an  essential  constituent.  Syenite  is  connected  usually 
with  porphyry,  not  with  granite  ;  primitive  syenite  with  primitive 
porphyry ;  and  floetz  syenite  with  floetz  porphyry.  Hence  the 
propriety  of  giving  the  same  name  to  both  ;  and  hence  the  reason 
for  separating  the  rock  from  granite,  with  which  it  is  not  con- 
nected. 

An  account  is  given  of  Devar,  an  island  at  the  harbour  of  Camp- 
bellton,  composed  of  felspar-porphyry.  Dr.  M.  says  this  rock 
constitutes  the  finest  specimen  of  porphyry  he  has  seen  in  Scotland. 
Much  finer,  however,  exist  in  Arran.  Our  author's  invectives 
against  the  word  porpki/ri/  are  very  amusing.  1  am  not  aware  that 
any  ambiguity  exists  in  the  use  of  that  term.  Porphyry  is  a  rock 
consisting  of  a  basis  containing  crystals  of  felspar  imbedded  in  it. 
These  crystals  are  essential  to  the  stone,  and  therefore  never  want- 
ing. The  term  porphyri/,  like  ti'ap,  is  generic.  The  species  are 
distinguished  by  naming  the  base,  and  prefixing  it  to  the  term  por- 
phyry. Thus  felspar-porphyry,  clay -stone-porphyry,  horn-stone- 
porphyry,  pitch-stone-porphyry.  There  is  no  ambiguity  here.' 
Every  mineralogist  knows,  or  ought  to  know,  that  these  bases  are 
connected  together,  and  pass  into  each  other.  If  I  am  told  that  a 
rock  is  composed  of  porphyry,  I  ask  what  porphyry  ?  The  answer, 
felspar-porphyry  or  clay-stone-porphyry,  defines  the  species.  It  is 
true  that  porphyry  occurs  in  different  formations ;  so  do  trap  and 
lime-stone ;  but  it  will  be  found  that  it  assumes  a  similar  position  in 
all  the  different  formations. 

Under  the  head  Arran,  Dr.  M.  introduces  a  discussion  whether 
granite  ever  occurs  stratified  or  not,  and  terminates  as  follows: — 
"  We  have,  however,  a  perfect  certainty  that  it  {Arran  granite)  is 
not  stratified,  because  veins  are  found  arising  from  it,  and  entering 
the  mass  of  incumbent  schistus  in  the  well-known  junction  at  Loch 
Ranza."  I  do  not  perceive  the  force  of  this  mode  of  reasoning.  Dr. 
M.,  I  dare  say,  will  admit  sand-stone  to  be  a  stratified  rock ;  yet 
veins  of  it  passing  into  the  incumbent  rock  are  not  uncommon  in 
quarries  near  Edinburgh. 

Under  the  head  of  Portsoy,  Dr.  M,  enters  into  some  speculations 
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about  the  origin  of  the  crystals  of  schorl,  &c.  Tliey  have  some- 
times the  appearance  of  being  broken,  and  sometimes  are  incur- 
vated.  I  conceive  the  broken  appearance  is  merely  a  deception 
arising  from  the  simultaneous  formation  of  various  crystals,  which 
are  intermixed  with  each  other.  I  have  seen  similar  appearances  in 
the  crystallization  of  various  mixtures  of  salt  in  my  own  laboratory. 
The  curve  must  also  have  been  the  original  state  of  the  crystal  which 
Dr.  M.  describes,  I  recollect  several  years  ago  to  have  obtained, 
crystallized  in  a  common  phial,  large  curved  crystals  of  muriate  of 
strontian.  The  crystal  of  schorl  passing  through  garnet  must  be 
explained  on  similar  principles. 

Craig  Cailleacli,  a  mountain  near  Killin,  is  composed  of  chlo- 
rite-slate,  and  contains  veins  and  nodules  of  quartz.  In  this  quartz 
crystals  of  rutile  occur. 

Dr.  M.  enters  into  some  speculations  respecting  the  contortions  in 
the  strata  of  mica-slate  visible  at  Loch  Lomond,  and  infers  that  they 
must  have  been  produced  by  the  action  of  external  forces.  The 
reasoning  of  the  Huttonians  on  this  subject  is  well  known.  The 
subject  ought  to  be  considered  in  a  more  general  point  of  view  than 
has  hitherto  been  done.  Nothing  is  more  usual  than  to  find  granite, 
gneiss,  marble,  lime-stone,  green-stone,  basalt,  &c.  composed  of 
granular  distinct  concretions.  A  section  of  all  such  rocks  would 
yield  the  same  appearance  of  contortions.  The  apparent  contor- 
tions in  mica-slate,  and  in  the  contemporaneous  veins  which  Dr. 
M.  has  drawn,  are  owing  to  the  same  cause,  whatever  it  is,  that  has 
produced  the  granular  distinct  concretions  in  the  above-mentioned 
rocks.  It  is  impossible  to  ascribe  this  to  an  external  force.  It 
must  be  owing  to  a  law  connected  with  the  original  formation  of  the 
stone  similar  to  that  which  produces  the  various  cleavages  in  crys- 
tals, and  depending  obviously  upon  the  same  cause. 

Dr.  M.'s  observations  on  grey-wacke  and  transition  slate  appear 
to  me  perfectly  just ;  though  I  am  not  aware  that  they  possess  any 
novelty.  They  may,  however,  be  uieful  in  drawing  the  attention 
of  English  mineralogists  to  the  definition  of  a  term  which  they  are 
in  the  habit  of  using  with  too  much  latitude.  I  do  not  think  that 
the  term  mechanical,  in  the  usual  sense  of  the  word,  can  be  applied 
to  grey-wacke.  1  believe  it  was  originally  formed  in  the  same  state 
as  it  exists  in  at  present,  and  that  it  is  not  a  true  sand-stone. 

Our  author  terminates  his  paper  with  an  account  of  the  rocks 
about  Aberfoyle  and  Loch  Ketterin.  He  considers  them  as  grey- 
wacke  alternating  with  mica-slate.  As  far  as  I  could  make  out  these 
rocks,  for  I  have  been  on  the  spot,  they  are  primitive  ;  sometirhes 
mica-slate,  sometimes  quartzose  clay-slate.  There  can  be  no 
doubt  that  the  primitive  rocks  graduate  imperceptibly  into  the  tran- 
sition ;  but  so  do  the  transition  into  the  floetz,  as  may  be  seen  very 
well  in  Berwickshire;  so  that  if  this  gradation  were  sufficient,  as 
the  Doctor  supposes,  for  inducing  us  to  confound  the  primitive 
and  transition  rocks,  it  would  be  equally  sufficient  to  induce  us  to 
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confound  the  primitive,  transition,  and  floetz  rocks,  and  to  abolish 
all  distinctions  whatever.  Such  gradual  transitions  might  have 
been  expected,  and  indeed  were  previously  well  known. 

XIX.  Remarks  on  several  parts  of  Scotland  which  exhibit  Quartz 
Rock,  and  on  the  Nature  ami  Connections  of  this  Rock  in  general. 
By  Dr.  MaccuUoch. — Our  indefatigable  mineralogist  describes,  in 
the  first  place,  the  mountains  of  Jura,  which  are  chiefly  composed 
of  a  granular  quartz.     He  endeavours  to  show  that  this  quartz  is  in 
reality  a  sand-stone  formed  of  diiintegrated  granite  :  that  it  some- 
times contains  clay,  sometimes  rounded  grains  of  felspar,  and  some- 
times rolled  masses  or  pebbles  of  quartz  itself.     No  mode  of  rea- 
soning is  more  apt  to  lead  into  mistakes  than  this.     And  I  ana 
strongly    inclined   to   believe   that   on   the   present  occasion  Dr. 
Macculloch  has  misled  himself  by   his  own  ingenuity  j    at  least 
no  specimen  of  this  rock  which  1  ever  saw  contained  a  single 
true  fragment,  or  gave  any  evidence  that  it  was  any  thing  else 
than   true  granular   quartz.     He   then   gives  an  account  of   the 
quartz  rock  vvhich  occurs  in  Sutherlandshire,  at  Schihallien,  and 
in  several  other  places.     In  all  these,  according  to  him,  it  is  exactly 
of  the  same  nature  as  at  Jura.     Now  at  Jura  it  is  covered  by  mica- 
slate;   therefore  mica-slate,  he  infers,  is  of  later  formation  than 
sand-stone,  and  consequently  ought  to  be  struck  out  of  the  list  of 
primitive  rocks.     This  mode  of  reasoning  is  not  accurate.     Quartz 
rock  occurs  in  primitive,  transition,  and  floetz  formations,  provided 
the  old  red  sand-stone  be  included  under  it.     Primitive  quartz  rock 
is  not  a  sand-stone,  but  a  granular  quartz ;  so  is  transition  quariz 
rock;  but  floetz  quartz  is  a  true  sand-stone,  at  least  in  many  cases. 
Primitive  quartz  rock  forms  beds  in  mica-slate  as  in  Jura,  in  gneiss 
and  granite  iu  Braemar,  in  mica-slate  in  Schihallien,  in  clay-slate 
in  Beniwhone.     It  occurs  also  in  grey-wacke.     It  occurs  in  the 
coal  formation,  and  among  the  floetz  rocks.     In  this  respect  quarts 
rock  agrees  with  lime-stone,  trap,  porphyry.      Tliere  is  nothing 
wonderful  in  finding  this  recurrence.     Nor  Joes  it  militate  in  the 
least  against  the  doctrine  of  formations,  or  tiie  division  of  rocks  into 
primitive,  transition,  and  floetz.     That  division  is  founded  entirely 
upon  petrifactions.     None  exist  in  primitive.     They  exist  in  transi- 
tion rocks;  but  only  the  lowest  classes  of  vegetables  and  animals 
are  found  in  this  position.     The  floetz  rocks  contain  petrifactions 
more  similar  to  the  living  beings  that  now  exist ;  and  this  similarity 
increased  as  we  descend  in  the  series.     Remove  these  grand  distinc- 
tions, and  the  whole  doctrine  of  rocks  is  plunged  into  confusion. 
Retain  them,  and  the  whole  is  clear.     When  the  same  rock  occurs 
in  different  classes,  we  have  only  to  apply  to  it  the  name  of  the  class 
in  which  it  is  found  to  keep  every  thing  distinct :  and  we  have  only 
to  abstain  from  applying  the  observations  which  we  make  upon  a 
rock  when  it  occurs  in  one  class  to  the  same  rock  when  it  occurs  in 
another  class,  to  prevent  our  falling  into  mistakes,  and  drawing 
ah;surd  consequences. 
XX.  Notice  relative  to  the  Geology  of  the  Coast  of  Labrador. 
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By  the  Rev.  Mr.  Steinhauer. — The  United  Brethren  have  visited 
this  coast  as  missionaries.    They  formed  a  settlemetit  at  Main,  in  N. 
lat.  bfi°  :-?&' ;  and  afterwards  two  others,  Okkak  in  lat.  5^°  46',  and 
Hopeland  in  lat.  55°  36'.     It  is  by  these  missionaries  that  all  the 
Labrador  minerals  have  been  sent  to  Europe.     The  present  notice 
is  drawn  up  from  the  information  of  the  missionai  Jps.     The  coast  is 
mountainous  and  nearly  barren,  the  rocks  being  bare  of  soil.  Deep 
lifts  are  common,  as  if  they  were  veins  not  yet  filled  up.     The. 
rocks,  as  far  as  observed,  are  primitive;  granite  and  chlorite  are 
particularly  mentioned ;  both  the  Hypersten  and  the  Labrador  fel- 
spar seem  to  occur  in  primitive  rocks.     Floetz  or  transition  rocks 
occur  at  Hopedale  ;  for  lime-stone  has  been  found  there  containing 
madrepores.     The  height  of  the  mountains  is  estimated  at  3000  feet. 
XXI.  Memoranda  relative  to  Clovelly,  North  Devon. — By  the 
Rev.  I.  I.  Conybeare,  M.  G.  S. — This  is  a  very  interesting  jjaper. 
The  rocks  at  Clovelly  are  grey-wacke  and  grey-wacke-slate.  Several 
distinct  drawings  are  given  of  the  contortions  of  the  beds.     Who- 
ever will  take  the  trouble  to  examine  these  drawings  ^ill  see  how 
utterly  impossible  it  is  to  account  for  these  contortions  by   the 
squeezing    system,    which   has   been   brought   forward   with  such 
parade.     The  view  of  Mr.  Conybeare  with  respect  to  the  Cornish 
clay-slate  is  the  same  which  I  myself  gave  in  ray  paper  on  Corn- 
wall.    But  there  are  some  circumstances  which  throw  doubts  upon 
the  real  position  of  the  Cornish  slate.     The  slate  at  Plymouth   is 
undoubtedly  transition  ;  yet  it  possesses  all  the  characters  of  the 
killas  of  Cornwall.     This  transition  slate  may  be  traced  as  far  west 
as  St.  Michael's  Mount;  and  from  the  direction  of  the  beds  there 
can  be  no  doubt  that  it  passes  under  the  granite,  which  constitutes 
the  greatest  part  of  that  mount.     Indeed,  upon  the  south-west  side 
of  the  mount  it  may  he  found  alternating  with  that  granite.  Hence 
the  mere  appearance  of  the  killas  is  not  sufficient  to  constitute  it  a 
primitive  rock.     We  have  no  proof  at  present  to  the  contrary  ;  but 
the  discovery  of  any  petrifactions  in  it  would  be  a  decisive  proof.   It 
is  to  be  hoped,  therefore,  that  the  Gentlemen  in  Cornwall  who  are 
interested  in  the  subject  will  endeavour  to  ascertain  whether  any 
such  petrifactions  exist  in  it  or  not. 

XXII.  On  Staffa.  By  Dr.  Macculloch. — Staffa  has  been  so 
often  described  that  little  remains  to  be  said  respecting  it.  Dr.  M. 
visited  it  twice,  and  examined  it  with  as  much  care  as  possible. 
The  columns,  he  says,  are  basalt.  From  the  specinjens  which  I 
have  examined,  I  conceive  that  the  term  porphyry-slate  is  more 
applicable  to  the  rock  of  Staffa  than  basalt.  The  Doctor  refuses  to 
admit  the  presence  of  trap  tuff  in  Staffa,  though  there  cannot  be  a 
doubt  that  the  pillars  stand  upon  trap  tuff.  Trap  tuff  is  not  a 
breccia,  as  Dr.  M.  supposes.  Nothing  is  more  easy  than  to  study 
this  rock,  as  a  considerable  part  of  Arthurseat  is  composed  of  it. 
Its  base  is  a  reddish-brown  clay.  It  contains  what  has  the  appear- 
ance of  fragments  of  other  stones ;  but  a  careful  examination  will 
satisfy  any  person  that  they  are  not  real  fragments,  but  minerals, 
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which  have  been  deposited  at  the  same  time  with  the  clayey  basis, 
I  consider  traptufF  not  as  a  breccia,  but  as  an  original  rock.  Dr. 
M.  observed  rolled  masses  of  granitej'  gneiss,  and  other  primitive 
rocks  upon  Staffa.  He  supposes  that  this  had  escaped  the  observa- 
tion of  preceding  observers.  But  this  is  a  mistake.  I  am  pretty 
sure  that  the  same  observation  was  made  by  Faujas  de  St.  Fond ; 
though  I  have  it  not  in  my  power  at  present  to  consult  his  book. 
Mr.  Mills  mentions  the  same  thing  in  his  paper  published  in  the 
Philosophical  Transactions,  17^0,  vol.  Ixxx.  p.  73. 

XXIII.  On  Vegetable  Remains  preserved  in  Ciialccdony,  By  Dr. 
MaccuUoch. — Nothing  is  more  common  than  to  observe  in  agates 
arborizations  having  a  close  resemblance  to  plants.  The  same  thing 
occurs  in  chalcedony.  Daubcnton  many  years  ago  wrote  a  paper 
on  the  subject,  in  which  he  even  names  the  species  of  plant  con- 
tained in  the  chalcedony  which  he  examined.  Dr.  M.  likewise 
collected  a  great  many  of  these  chalcedonies,  and  the  result  of  a 
careful  examination  satisfied  him  that  true  plants,  chiefly  confervas 
and  mosses,  occur  in  chalcedonies  ;  though  very  perfect  imitations 
of  them  are  often  produced  by  chlorite.  To  distinguish  the  true 
plant,  he  applies  sulphuric  acid  to  the  mineral.  If  the  acid  be 
blackened  he  concludes  that  a  true  vegetable  exists  in  the  stone ;  if 
not,  he  considers  the  appearance  as  owing  to  chlorite.  It  would  be 
difficult  to  convince  me  that  such  delicate  vegetables  as  confervas 
and  mosses  can  exist  in  chalcedonies,  without  so  much  as  their  co- 
lour or  texture  being  altered.  I  am  rather  disposed  to  ascribe 
these  appearances  to  manganese,  iron,  &c.  occasionally  mixed  with 
bitumen.  This  bitumen  I  conceive  colours  the  sulphuric  acid, 
and  leads  to  the  conclusion  that  vegetable  matter  is  present.  The 
feet  that  some  of  the  lines  in  agates  are  blackened  by  sulphuric 
acid,  mentioned  by  Dr.  Hamel  in  a  late  number  of  the  Annals, 
shows  that  bituminous  matter  is  a  pretty  frequent  constituent  of 
agates. 

XXIV.  On  the  vitreous  Tubes  found  near  to  Drigg  in  Cumber- 
land. Compiled  by  the  secretaries  from  several  communications. 
— These  tubes  have  been  found  in  hillocks  of  drifted  sand  at  the 
mouth  of  the  Irt  in  Cumberland.  The  first  account  of  them  was 
sent  to  the  Society  in  1812  by  Mr.  Irton  of  Irtonhall,  Cumberland. 
Three  were  found  in  a  single  area  of  15  yards,  forming  a  hillock 
elevated  40  feet  above  the  level  of  the  sea.  The  diameter  of  each 
was  about  an  inch  and  a  half.  Within  they  consist  of  a  very  hard 
glass,  which  strikes  fire  with  steel.  One  of  them  was  traced  to  the 
depth  of  30  feet  without  terminating,  though  it  became  smaller. 
The  sand  falling  in  prevented  the  continuance  of  the  excavations  : 
the  sand  consists  of  quartz  mixed  witii  grains  of  horn-stone  por- 
phyry. By  the  blow-pipe  urged  by  a  stream  of  oxygen  gas,  this 
sand  was  imperfectly  vitrified,  so  as  to  resemble  the  inside  of  the 
tubes.  The  most  i>robable  opinion  h,  that  tlicse  tubes  have  been 
formed  bv  the  action  of  Jiirhtniiig. 
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II.  An  Index  io  the  Anatomical,  Medical,  Chirurgical  and  Phi/sio- 
lonjcal  Papers  contained  in  the  Transactions  of  t lie  Royal  SocietT/  of 
London ;  from  the  commencement  of  that  fVork  to  the  end  of  the 
year  1813;  chronologically  and  alphabetically  arranged.  Callow, 
&e  London. 

The  Philosophical  Transactions  contain  perhaps  a  greater  num- 
ber of  valuable  papers  on  medical  and  physiological  subjects,  than 
any  other  publication  whatever.  But  they  are  so  voluminous  that 
it  is  a  very  difficult  and  laborious  task  to  ascertain  what  they  con- 
tain. Hence  the  utility  of  good  indexes,  which  serve  greatly  to  fa- 
cilitate the  investigations  of  the  medical  student.  The  present  In- 
dex is  very  well  executed,  and  calculated  in  every  respect  to  answer 
the  purposes  for  which  it  was  intended. 
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Proceedings  of  Philosophical  Societies. 

ROYAI.    SOCIETY. 

On  Thursday  the  25th  of  May,  a  paper  by  Dr.  Parry  was  read  on 
the  cause  of  the  pulsation  of  the  arteries.  He  stated  the  opinion  of 
Haller,  which  is  generally  received  by  physiologists,  and  that  of 
Bichat,  who  had  rejected  Haller's  explanation  in  consequence  of 
his  dissections  of  living  animals.  Dr.  Parry  then  stated  the  results 
which  he  himself  had  obtained  by  laying  open  the  arteries  of  living 
sheep  and  rabbits.  No  alteration  in  the  size  of  the  artery  could  be 
perceived,  but  a  motion  of  the  artery  backwards  and  forwards,  cor- 
responding to  the  inspiration  and  expiration  of  the  animal.  Dr. 
Parry  conceives  that  the  artery  is  a  tense  tube  always  full  of  blood, 
and  that  when  its  diameter  is  diminished  by  external  pressure,  the 
blood  makes  an  eftbrt  to  restore  the  original  size.  Hence  the  pul- 
sation. I  do  not  see  clearly  how  this  supposition  will  account  for 
the  various  diseased  states  of  the  pulse  well  known  to  medical  men, 
unless  we  ascribe  the  aberrations  in  all  these  cases  to  the  heart. 

At  the  same  meeting,  part  of  a  paper  by  Mr.  Donovan  was  read, 
"•iving  an  account  of  a  new  vegetable  acid,  discovered  by  him  in  the 
juice  of  the  berries  of  the  sorbus  aucuparia,  together  with  some  ob- 
servations on  malic  acid.  He  extracted  the  juice  of  the  ripe  berries 
by  pressure,  precipitated  by  acetate  of  lead,  washed  the  precipitate 
in  boiling  water,  and  threw  the  whole  upon  the  filter.  A  hard 
white  mass  remained  upon  the  filter,  and  the  liquid  which  passed 
through  deposited,  on  cooling,  fine,  white,  silky,  needle-form  crys- 
tals. Scheele  had  stated  the  acid  in  these  berries  to  be  the  ma- 
lic. But  malate  of  lead  had  never  been  observed  to  crystallize.  To 
clear  up  the  subject,  Mr,  Donovan  saturated  the  juice  of  ripe  apples 
with  potash,  and  precipitated  the  liquid  by  acetate  of  lead.    The 
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precipitate  treated  with  boiling  water,  as  in  the  preceding  case, 
yielded  similar  silky  crystals ;  but  the.  substance  remaining  on  the 
filter  was  a  soft  magma.  Gooseberry  juice  treated  in  the  same  way 
yielded  no  crystals  ;  nor  raspberry  juice,  nor  the  juice  of  elder  ber- 
ries, nor  of  sedum  tectorum,  nor  green  apples.  Thus  it  appears, 
that  acetate  of  lead  precipitates  two  different  acids  in  the  first  two 
liquids.  The  fiist  an  acid  not  hitherto  observed,  which  readily 
forms  a  supersalt  with  oxide  of  lead  soluble  in  hot  water;  and  this 
solution  on  cooling  deposits  the  neutral  salt  in  silky  crystals : 
the  second  malic  acid,  which  forms  with  oxide  of  lead  a  salt  not 
capable  of  crystallizing.  To  obtain  the  new  acid  in  a  state  of  pu- 
rity, the  colourless  silky  crystals  are  to  be  treated  with  a  quantity 
ol  sulphuric  acid  capable  ot  saturating  the  greater  part,  but  not  the 
•whole,  of  the  oxide  of  lead  present.  The  liquid  being  filtered  to 
separate  the  sulphate  of  lead,  a  current  of  sulphureted  hydrogen  is 
driven  through  it  till  the  whole  remaining  oxide  of  lead  is  thrown 
down.  The  filtered  liquid  is  now  boiled  for  some  time,  and  then 
exposed  to  the  air  for  a  few  days  to  get  rid  of  the  sulphureted  hy 
drogen. 

On  Thursday  the  1st  of  June,  Mr.  Donovan's  paper  was  conti- 
nued. To  the  acid  thus  obtained  he  gave  the  name  oi  sorlic  acid. 
It  possesses  the  following  properties.  It  is  colourless.  Its  taste  is 
intensely  sour,  and  it  reddens  vegetable  blues.  It  docs  not  crystal- 
lize. It  does  not  readily  undergo  spontaneous  decomposition.  Mr. 
Donovan  kept  a  quantity  of  it  in  a  phial  for  a  year:  no  other 
change  happened  except  the  deposition  of  a  very  small  quantity  of 
mucilaginous  matter.  It  combines  with  oxide  of  lead  in  three  pro- 
portions, forming,  1.  Subsorbate  of  lead,  which  is  a  hard  white 
insoluble  powder.  2.  Sorbate,  which  may  be  obtained  either  ia 
powder  or  in  crystals,  and  which  is  likewise  insoluble.  3.  Super- 
sorbatc,  which  does  not  crystallize.  The  alkaline  supersorbates  may 
be  all  obtained  in  the  state  of  crystals.  It  forms  soluble  salts  with 
barytes,  lime,  and  magnesia.  It  does  not  combine  with  alumina* 
These  properties  sufficiently  distinguish  this  acid  from  the  malic. 

Mr.  Donovan  likewise  related  his  experiments  on  the  preparation 
of  malic  acid.  He  found  none  of  the  methods  recommended  by 
Schecle  capable  of  furnishing  pure  malic  acid.  He  considers  Vau- 
queliu's  process  for  preparing  malic  acid  from  the  juice  of  the  se- 
dum tectorum  as  the  only  one  that  yields  a  tolerably  pure  acid.  I 
may  observe  here,  that  about  10  years  ago  I  made  some  experi- 
ments on  the  preparations  of  malic  acid,  and  found  that  unless  it 
be  freed  from  mucilage  before  precipitation  with  lead,  it  cannot  af- 
terwards be  separated  from  a  considerable  quantity  of  gummy  mat- 
ter which  seems  to  fall  down  in  combination  with  the  lead.  I  as- 
cribe most  of  the  difficulties  which  have  occurred  to  chemists  in 
preparing  this  acid,  to  not  animadverting  to  this  circumstance. 

Mr.  Donovan  conceives  it  likely  that  the  bitter  principle  which 
exists  at  first  in  various  fruits  and  disappears  as  they  advance  to  ma- 
turity, may  be  the  basis  of  some  of  the  vegetable  acids. 

Jb  2 
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At  the  same  meeting  a  paper  by  Sir  Everard  Home,  Bart,  on  the 
respiratory  organs  of  some  genera  of  vermes  that  live  in  water,  was 
read.  These  organs  consist  of  a  number  of  openings  on  both  sides 
of  the  neck,  which  lead  into  spherical  or  flattened  balls.  Water 
passes  through  these  openings  into  the  bags,  and  is  afterwards 
thrown  out  again.  The  reason  why  the  water  does  not  enter  at 
the  mouth  as  in  fishes,  is  because  these  animals,  as  the  leech,  re- 
quire their  mouths  for  suction,  either  to  procure  food  or  to  fasten 
themselves  to  other  bodies. 

On  Thursday  the  8th  of  June,  a  paper  by  Dr.  Brewster  was  read 
on  tlie  multiplication  of  images  and  colours  wiiich  accompany 
them  in  some  specimens  of  Iceland  spar.  Towards  the  end  of  the 
session  of  the  Royal  Society,  the  number  of  papers  presented  is 
usually  so  great,  that  only  a  small  portion  of  them  can  be  read  to 
the  Society.  On  this  account  nothing  can  be  added  to  the  notice 
of  Dr.  Brewster's  discovery  relative  to  this  subject  given  in  the  last 
number  of  the  Annals  of  Philosophy. 

At  the  same  meeting  a  paper  by  C.  Babbage,  Esq.  was  read,  en- 
titled. On  the  Calculation  of  Functions.  This  he  informed  us  is  a 
new  species  of  calculus,  which  will  require  new  methods  of  investi- 
gation. But  as  only  the  introduction  of  the  paper  was  read,  it  is 
impossible  to  give  any  farther  account  of  it. 

At  the  same  meeting  a  paper  by  Dr.  Herschell  on  the  satellites 
of  the  Georgium  Sidus,  with  some  observations  on  the  space  pene- 
trating power  of  telescopes,  were  also  read.  The  object  of  the  pa- 
per was  to  furnish  data  to  astronomers  to  determine  the  number 
and  orbits  and  periodical  times  of  the  satellites  of  this  very  remote 
planet.  He  described  the  orbits  and  periods  of  two  of  the  satel- 
lites, supposed  that  another  existed  within  them,  and  probably  three 
others  without  them. 

On  Thursday  the  15di  June,  a  paper  by  Sir  Everard  Home,  Bart, 
was  read,  on  the  mode  of  generation  of  the  lampree  and  myxine. 
He  found  by  a  great  many  dissections  at  different  perieds  during 
the  summer,  that  these  animals  are  all  hermaphrodites ;  those, 
which  were  supposed  to  be  males,  producing  eggs  as  well  as  the  sup- 
posed females. 

At  the  same  meeting  a  paper  by  Anthony  Carlisle,  Esq.  was 
read,  on  the  connection  between  the  extravascular  and  vascular 
parts  of  animals.  Hair,  feathers,  nails,  hoofs,  are  extravascular 
substances,  and  possess  no  vessels.  The  chief  object  of  the  paper 
was  to  show,  that  the  shells  of  shell-fish  and  snails  are  likewise 
without  vessels.  They  cannot  be  injected.  Their  membranes  do 
not  exhibit  the  same  appearance  as  those  that  contain  vessels. 
When  a  piece  of  snail-shell  was  broken  off,  the  injury  was  repaired 
by  a  viscid  substance  applied  internally,  and  then  layers  of  calca- 
reous matter  were  laid  over  it. 

At  the  same  meeting  a  paper  by  John  George  Children,  Esq. 
was  read,  on  the  effects  of  a  very  large  galvanic  battery.  It  consisted 
of  20  pair  of  zinc  and  copper  plates  6  feet  long  and  2  feet  6  inches 
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broad,  joined  together  by  straps  of  lead  and  plunged  in  a  mixture 
of  nitric  and  sulphuric  acids,  diluted  with  from  20  to  40  times 
their  weight  of  water.  By  this  battery  metallic  wires  were  ignited 
in  the  following  order,  beginning  with  the  wire  most  easily  ig- 
nited. 

Platinum  Copper 

Iron  Silver 

Gold  Zinc. 

Tin  and  lead  are  so  fusible,  that  with  them  the  experiment  could 
not  be  tried.  Mr  Children  considers  the  ignitability  as  the  inverse 
of  the  conducting  power  of  the  metals ;  therefore  platinum  conducts 
worst  and  zinc  best  of  the  above  six  metals.  When  the  two  poles 
of  the  battery  were  connected  by  two  parallel  platinum  wires  of  dif- 
ferent sizes,  the  thick  wire  was  ignited  and  not  the  fine  one ;  but 
when  the  two  wires  were  tied  one  to  the  end  of  the  other,  the  fine 
wire  was  ignited  first. 

Iron  wire  was  slit,  some  diamond  powder  put  into  the  slit,  and. 
this  powder  surrounded  by  iron  wire  above  and  below.  The  wire 
was  faintly  ignited.  The  diamond  powder  disappeared  and  the  iron 
was  converted  into  steel  and  partly  fused.  This  demonstrates  the  truth 
of  Clouet's  original  experiment,  which  was  afterwards  verified  by 
Sir  George  Mackenzie.  Iridium  was  fused  by  the  battery  and  re- 
duced to  a  porous  globule  of  the  specific  gravity  iS"6.  Oxide  of 
tantalum  was  fused  and  reduced.  The  metal  was  of  a  yellowish 
colour  and  brittle.  Oxide  of  cerium  was  fused  without  being  re- 
duced. This  was  the  case  also  with  oxide  of  titanium.  Oxide  of 
tungsten  was  reduced  and  fused.  The  metal  was  grey  and  very 
heavy.  Oxides  of  molybdenum  and  uranium  were  likewise  fused 
and  reduced,  and  both  metals  were  brittle. 

The  titles  of  the  following  papers  were  read,  in  order  to  entitle 
them  to  insertion  in  the  next  volume  of  the  Transactions  ;  want  of 
time  rendering  it  impossible  to  read  the  papers  themselves  at  full 
length. 

Considerations  on  the  Solution  of  Bodies  in  Liquids,  by  Mr. 
Daniell. 

On  the  Dispersive  Properties  of  the  Air,  by  Mr.  Stephen  Lee. 

Considerations  on  the  Vascular  System  of  Animals,  by  Dr.  Philips. 

The  Polar  Distances  of  30  Circumpolar  Stars,  by  John  Pond, 
Esq.  Astronomer  Royal. 

The  Society  adjourned  during  the  long  vacation, 

N.B.  In  (he  lait  number  of  (he  AnnaU  of  Philosophy,  the  numerical  results  of  seye- 
ral  of  Mr.  Porred's  analyses  of  Pru.-sic  acid  and  its  compounds  were  inaccurate. 
The  following  are  (he  correct  numbers,  which  Mr.  Porred  has  been  so  obliging  ai 
tK  communicate. 

too  Prussiate  of  mercury  are  composed  of 

Prusbic  acid IS'S 

Peroxide  of  mercury, .,,..,,.,, 86'2 

1000 
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100  PruEsic  acid  of 

Azote 40T 

Carbon 34-8 

Hydrogen 24'5 

100-0 
Sulp'inreted  chyazicacid  !sa  compound  of  4  atoms  of  sulphur  +  1  atom  Priissic 
acid.     Feriuretcd  chyazic  acid  is  a  cumpound  of  1  atom  black  oxide  of  iron  +  4 
fitonis  Prussic  ^cid. 

UNNJEAN    SOCIEXy. 

On  Tuesday  the  6th  of  June  a  paper  by  Dr,  Benjamin  Smith 
Barton  was  read,  giving  an  account  of  a  singular  bird  lately  ob- 
served in  the  United  States  of  America,  which  he  considers  as  a 
new  species  of  tantalus. 

On  Tuesday  the  20th  of  June  a  paper  by  Mr.  J.  Murray  was 
read,  containing  experiments  on  the  application  of  vegetable  poi- 
sons to  animals.  He  laid  bare  the  crural  nerve  and  muscle  of  the 
hind  leg  of  a  frog,  and  applying  the  poisonous  juice  to  the  part, 
tried  whether  the  muscle  could  be  excited  by  a  galvanic  battery. 
Opium  destroyed  the  excitability  in  5  minutes ;  but  the  addition  of 
citric  acid  restored  it  again.  Tincture  of  digitalis  produced  no  ef- 
fect.    A  considerable  number  of  similar  experiments  were  related. 

At  the  same  meeting  a  paper  by  Mr.  Bicheno  was  read,  describ- 
ing three  native  species  of  orchis,  hitherto  very  frequently  con- 
founded together. 

At  the  same  meeting  a  Latin  paper  by  Sir  Justly  Green,  Bart, 
was  read,  describing  40  species  of  phascum. 

The  Society  adjourned  during  the  long  vacation. 


Article   XV. 

SCIENTIFIC    INTELLIGKNCE;    AND    NOTICKS   OF   SUBJECTS 
CONNECTED  WITH  SCIENCE, 

I.  Eoyal  Medical  Society,  Edinburgh.    . 

The  Royal  Medical  Society  propose,  as  the  subject  of  their  prize 
essay  for  the  year  1816,  the  following  question: — 

**  What  changes  of  composition  does  the  process  of  digestion  in 
quadrupeds  produce,  on  earths,  oxides,  and  earthy,  alkaline,  and 
metallic  salts  ?  " 

A  set  of  books,  or  a  medal,  of  five  guineas  value,  will  be  given 
annually  to  the  author  of  tli€  best  dissertation  on  an  experimental 
subject  pro[x>sed  by  the  Society ;  for  which  all  the  members, 
honorary,  extraordinary,  and  ordinary,  shall  alone  be  invited  as 
candidates. 

The  dissertations  are  to  be  written  in  English,  French,  or  Latin, 
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and  to  be  delivered  to  the  Secretary  on  or  before  the  \s\  of  Decem- 
ber of  the  succeeding  year  to  that  in  which  the  subjects  are  pro- 
posed  ;  and  the  adjudication  of  the  prize  will  take  place  in  the  last 
week  of  February  following. 

To  each  dissertation  shall  be  prefixed  a  motto;  and  this  motto  is 
to  be  written  on  the  outside  of  a  sealed  packet,  containing  the  name 
and  address  of  the  author.  No  dissertation  will  be  received  with 
the  author's  name  affixed  ;  and  all  dissertations,  except  the  success- 
ful one,  will  be  returned,  if  desired,  with  the  sealed  packet  un- 
opened. 

II.  Native  Boracic  Avid. 

Mr.  Smithson  Tennant  first  observed  native  boracic  acid  attached 
to  some  specimens  from  Lipari.  Dr.  Holland  afterwards  visited  this 
place,  and  found  boracic  acid  in  large  quantity  within  the  crater  of 
Volcano,  forming  a  white  feathery  covering  to  the  sulphur,  which 
is  deposited  from  sublimation  in  various  parts  of  this  great  cavity. — 
(See  Holland's  Travels  in  Greece,  p.  9.) 

III.  Climate  of  Athens. 

It  appears  from  a  note  in  Dr.  Holland's  Travels,  p.  411,  that  at 
Athens  the  thermometer  sometimes  rises  in  summer  to  104®,  and 
that  in  winter  it  falls  as  low  as  28°.  In  July  the  thermometer  is 
frequently  above  90°.  The  average  quantity  of  rain  that  falls  is 
stated  at  only  21  or  22  inches  ;  I  presume  French,  as  the  observer, 
M.  Fauvel,  was  a  Frenchman. 

IV.  Table  of  Passengers,  Waggons,  &c.  that  cross  London  Bridge 
and  Blackfriars  Bridge  in  one  Day. 

The  day  chosen  by  the  Directors  of  the  Southwark  bridge  was  in 
July,  181 1.  A  rate  is  fixed  for  the  purpose  of  showing  the  pro- 
prietors of  the  Southwark  bridge  the  probable  quantity  of  money 
that  may  be  raised  on  that  new  bridge  : — 


Foot  paisengers  .... 

"Waggons 

Cans  and  drays . . . . 

Coaches 

Gigs  and  ta:ie(l  carU 
llotiti  


Rate. 


d. 
1 
8 
4 
6 
4 
U 


London  Bridge. 


89,640 

769 

2,924 

1,240 

485 

764 


Deduct  half  the  amount  of  wnggonj,  &c.  for  return 


£.    s.  d. 

373  10  0 

25  12  S 

48  14  8 

31     0  0 

8     1  8 

4  15  6 


491   14    6 
59    2    3 


432  12     3 


Blackfriars  Br. 


61,069 
533 

1,502 
990 
500 
822 


£.    s.  d. 

.'54  8  4 

17  15  4 

25  0  8 

24  15  0 

8  6  8 

5  2  9 


335  8  9 
40  10  S 


294  18  0 


The  transit  over  Blackfriars  bridge  is  nearly  double  what  it  was 
six  years  before  the  above  account  was  taken. 
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V.    Further  Ohservations  on  Mr.  Lockhart's  Imaginary  Cube 

Roots. 

(To  Dr.  Thomson.) 
SIR, 

Mr.  Lockhart  seems  to  have  made  a  mistake  in  one  of  the  signs 
.  of  the  root  connected  with  t :  when  corrected,  his  roots  will  stand 
. thus : 


V2-  +  \/-r-'2f  V~-\/-r--27- 

^        /^     IE  JL       r^      IE. 

""t~Vt~x  -2+V4- 


But,  as  Mathematicus  justly  observes,  any  quantity  "  in  which  the 
square  root  enters  admits  of  two  values  j  "  the  above  roots  may  be 
more  conveniently  expressed  thus — 

V  T  -  y  —  -  If 

jL  +  ./zmn: 

2      —    V      -i  3 

J /T  h 

°~     2      +    V     4      ~      3 

JL  _   /^    m 

—     2     •+-    V      4      ■"      3 

In  which  formula,  if  the  upper  sign  be  used  in  the  first,  the  upper 
sign  must  likewise  be  used  in  each  of  the  roots,  and  the  contrary. 
It  may  be  proper,  before  I  make  any  further  observations,  to  point 
out  the  part  of  Mr.  L.'s  demonstration  where  the  error  appears  to 

have  originated.     In  extracting  the  square  root  of  —^ "o"  + 

-^  —   ~    ^^^   has   overlooked  the   ambiguity  of    the   quantity 


s/ 


•4 -J.  But  as  the  quantity  originally  squared  was  H g — .^^ 


% 
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and  not ^—  .  /,  it  would  therefore  be  improper,  in  the  present 

case,  to  use  the  sign  — ,  and  consequently  Mr.  L.'s  equation 
should  have  been  +  \^— /-)  .  k/  -^ j-  =  v'  -^  —  g^-jOr 

its  equal  -  {t'  -  -f-)  •  \/-f  "  V  =  V  T  "  ^=  ^"^  *^^^" 
by  proceeding  as  he  has  done  we  obtain —  —  \/  -j ^   = 

3    /   C  /^  ~J3 

\/  -^ \/  "7 rrj  the  same  as  the  root  given  above.     But 

it  ought  not  to  be  forgotten  that  Mr.  L.,  notwithstanding  the  above 
oversight,  has  the  merit  of  being  the  first  who  has  pointed  out  the 
method  of  finding  the  cube  roots  of  a  hinoviial,  by  means  of  the 
three  roots  of  the  cubic  equation  with  which  that  binomial  is  con- 
nected. 

If  we  take  the  equation  employed  by  Mr.  L.,  viz.  or'  —  24  a;  = 

72,  where  x  —  6,  t  =^  S  +   V  —  3  and  w  =  3  —  //  —  3,  the 


binomial  and  roots  will  be  as  follows :   v    36  ±  V  784  =  ^  64 
y'  8,  according  as  the  upper  or  under  sign  is  used. 

First  root  =  ~±  ^/ZTTT^  =  3  ±  1  =  4  or  2. 
Second  root  =  -  (^i^^)  t  y/"  (-|-  -  ^ -^"^) 

=   -   iMz:)  ^  (^-^^^)  =-(2  +  2^-^3)  or 

-  (1  -   ^/  -  3).  

Third  root  =  -   (-^)  ^  /-  (^  +  |-  V^-rT) 


-  (1   +    ^/  -  3). 

So  that  when  the  upper  signs  are  used,  we  obtain  the  cube  roots 
of  64  ;  but  when  we  use  the  under  ones,  the  results  are  the  cube 
roots  of  8.  Hence  it  appears  that  N.  R.  D.  was  not  "  too  posi- 
tive "  when  he  said,  *'  it  is  not  the  cube  root  of  64,  but  of  8 ; " 
for  he  used  the  sign  given  by  Mr.  L.,  and  then  the  quantity  is  a 
cube  root  of  8,  as  appears  from  the  above.     The  reason  why  Dr. 

Tiarks  made  it  a  cube  root  of  64,  was  his  using  —  (^  ^  ^  ~  ^  ] 
+  (~  v/  —  f-Q ^  ^y  —  3)  J,  instead  of  the  quantity  gives 
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by  Mr.  L.,  viz.  -  (^-±4^j  +  (^-  (|-  - 

As  the  above  six  different  quantities  are,  if  I  mistake  not,  all  the 
different  values  of  which  the  three  formulas  for  the  roots  admit,  it 
follows  that  they  give  all  the  cube  roots  of  both  64  and  8,  which 
were  before  known,  and  no  more.    It  may  likewise  be  observed,  that 

z  =  V  HG  ±  V  7^4,  being  an  equation  of  six  dimensions,  ought, 
according  to  the  received  opinion,  to  have  six  different  root^  ;  but 
it  has  been  shown  above  that  it  has  just  six  roots,  and  no  more : 
this  therefore  agrees  exactly  with  that  opinion. 

When  Mr.  Lockhart  speaks  of  binomials  in  their  vanishing  state 
having  "  functions  and  connections  widely  different  from  those  de- 
duced from  binomials  which  are  evanescent,"  I  am  not  certain 
that    I    understand  him   perfectly :    if    he    mean    to  tell  us    that 

V  64  —    \/  4096"    —   401)6  is   not    universally  equal   to 

a/  36   +    a/  784,  I  perfectly  agree  with  him ;  for  the  former  is 

equal  to  \/  64  zf.  0,  and  the  latter  to  either  1/  6i  or  1/  S;  the 
one  being  an  equation  of  three  dimensions,  and  the  other  of  six. 
Neither  do  I  clearly  comprehend  what  he  means,  when  he  speaks 
about  the  roots  of  equations  being  preserved  in  some  cases,  and 
extinct  in  others. 

I  am,  Sir,  your  obedient  servant, 

Newcastle-upon-Tyne,  June  16,  1815.  HbNRY  AtKIXSON. 

VI.  Sale  of  Minerals. 

We  are  informed  that  the  extensive  and  valuable  collection  of 
minerals  of  the  Rev.  R.  Hcnnah,  late  of  St.  Austell,  in  Cornwall, 
and  which  is  now  in  the  possession  of  his  son,  the  Rev.  R.  Hennah, 
of  Plymouth,  consisting  of  nearly  2000  specimens  of  the  most  rare 
and  curious  productions  of  that  county,  particularly  of  tins,  is  to 
be  disposed  of. 

VII.  Neivcastle   Collieries. 

The  Literary  and  Philosophical  Society  of  Newcastle-upon-Tyne 
is  engaged  in  the  publication  of  two  tracts  on  the  means  of  esta- 
blishing authentic  records  relative  to  the  state  of  the  collieries  in 
that  neighbourhood,  and  to  other  points  which  promise  to  be  both 
of  local  and  national  importance.  We  have  no  doubt  that  much 
curious  and  valuable  information  will  result  from  tlie  labours  of  this 
Society,  which  include  nearly  all  the  well-informed  men  of  New- 
castle and  its  neighbourhood. 

VIII.  Size  of  the  Whale. 

In  a  paper  on  the  whale  by  Mr.  Scoresby,  printed  in  the  first 
number  of  the  Annals  of  Philosophy,  that  Gentleman  says,  that  he 
never  heard  of  one  longer  than  70  feet :  and  that  out  of  200,  which 
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he  had  himself  taken,  not  one  measured  65  feet  in  length.  In  the 
North  Pacific,  however,  the  size  is  often  much  larger  than  tiiis  j 
for  Capt.  Clarke  measured  the  skeleton  of  one  near  Columbia  river, 
and  found  it  105  feet  in  length.  (See  Travels  to  the  Source  of  the 
Missouri,  &c.  by  Captains  Lewis  and  Clarke,  p.  422.) 

IX.  Inhalitants  in  Ancient  Rome. 

In  ancient  Rome  the  number  of  insulce,  or  houses,  standing 
separately,  was  46,000  in  the  time  of  Trajan.  The  domus  (pro- 
bably the  principal  buildings  or  palaces  of  Rome),  1800.  The 
houses  of  Rome  were  usually  four  stories  high.  If  we  suppose,  with 
Gibbon,  that  each  story  lodged  a  family  of  six  persons,  each  of  the 
insulse  would  contain  24  inhabitants.  This  would  give  us  the  whole 
inhabitants  of  Rome  at  1,118,448;  so  that  the  population  of 
ancient  Rome,  when  greatest,  exceeded  the  present  population  of 
London  by  about  60,000.  (See  Gibbon's  Posthumous  Works,  v.  318.) 

X.  Extract  of  a  Letter  from  M.  Fan  Mons,  of  Brussels. 

I  take  this  opportunity  of  sending  you  some  curious  information 
which  I  have  just  learned  by  a  letter  from  the  discoverer. 

If  indigo  in  powder  be  thrown  upon  red  hot  charcoal  or  iron,  a 
fine  violet  coloured  vapour  rises,  which  Brugnatelli  at  first  took 
for  iodine.  This  vapour  when  condensed  crystallizes  in  four-sided 
prisms  very  brilliant  and  of  a  fine  violet  colour.  To  this  substance 
Brugnatelli  gives  the  name  of  indigogen,  because  when  united  to 
the  fecula  of  the  plant  it  forms  indigo.*  He  considers  it  as  a  me- 
tal, because  if  mercury  be  exposed  to  its  vapour  a  combination 
takes  place,  which  is  hard  or  soft  according  to  the  proportion  of 
the  indigogen,  and  which  possesses  the  properties  of  an  amalgam. 
Indigo  deprived  of  this  substance  loses  the  property  of  acquiring  a 
cupreous  lustre  by  friction.  The  new  substance  is  found  in  every 
variety  of  indigo. 

Brugnatelli  has  observed  that  ice  when  rasped  becomes  positively 
electric.  This  confirms  the  notion  that  its  conducting  power  fol- 
lows immediately  that  of  the  metals.  Pure  water,  or  water  exempt 
from  all  salt,  is  almost  a  non-conductor.  Brugnatelli  was  nnable 
to  construct  a  galvanic  battery  by  uniting  ice  with  any  metal  which 
lie  tried. 

Zamboni  at  present  draws  strong  sparks,  and  gives  shocks  with 
the  dry  galvanic  column.  But  I  venture  to  predict,  that  it  will 
never  be  able  to  produce  chemical  effects,  where  an  abstraction  of 
electricity  is  requisite.  The  charge  may  circulate  witliout  water, 
but  cannot  be  renewed. 

Volta  has  just  obtained  electric  fluorme  in  considerable  quantity. 
Configliaghi  is  the  editor  of  it.t 

Gay-Lussac  believes  that  euchlorine  or  your  oxide  of  chlorine 

•  It  has  been  known  to  chemists  for  many  years.     T, 

+  1  do  not  understand  the  meaning  of  the  sentence.  The  original  it  Confgli' 
Mchi  en  est  I'edikur, 
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contains  only  the  5th  part  of  the  oxygen  of  chloric  acid,  such  as  it 
exists  in  the  detonating  chlorates  ;  that  is  to  say,  twice  the  oxygen 
which  we  suppose  to  exist  in  oxymuriatic  gas  ;  being  capable  of  sa- 
turating only  twice  as  much  hydrogen  as  that  gas,  while  chloric 
acid  saturates  six  times  as  much.  Euchlorine  would  result  from  an 
oxide  dissolved  in  muriatic  acid  gas,  of  which  the  chlorine  would 
take  the  oxygen  in  place  of  the  hydrogen,  which  would  be  convert- 
ed into  water,  the  metal  being  reduced.  It  is  obvious  that  this 
acid  cannot  be  formed  except  when  the  oxygen  is  separated  by 
means  of  muriatic  acid,  three  quantities  taking  oxygen  for  six  quan- 
tities in  exchange  for  water,  represented  by  a  half  quantity  of  this 
principle;  or  two  quantities  of  acid  taking  four  quantities  of  oxy- 
gen from  one  quantity  of  this  remaining  with  a  quantity  of  acid  in 
the  salt.  But  when  separated  by  the  simple  acid,  a  great  deal  of 
acid  must  be  necessary  to  render  the  whole  salt  simple,  or  what 
you  long  before  others  called  chloride  of  potassium.,  in  place  of 
which  the  term  chioruret  has  been  introduced,  a  name  which  does 
not  express  that  chlorine,  as  it  is  called,  is  the  vicegerent  of  oxygen  j 
and  this  cannot  be  the  case  in  the  process  of  Davy,  in  which  very 
little  acid  is  employed.  And  Davy  does  not  say  that  the  euchloric 
•  acid  was  mixed  with  oxygen,  nor  that  the  salt  remaining  was  six 
times  or  three  times  oxygenated.  Besides  the  acid  characters  of 
euchlorine,  and  the  way  in  which  it  is  decomposed,  do  not  permit 
us  to  adopt  the  calculation  as  accurate.  M.  Gay  Lussac  obtained 
liquid  superoxygenated  muriatic  acid  by  employing  weak  sulphuric 
acid  and  hyperoxymuriate  mixed  with  a  little  simple  muriate,  by 
means  of  the  acid  of  what  the  decomposition  begins,  for  hyperoxy- 
netated  chlorine  united  to  sulphuric  acid  is  a  compound  analogous 
to  that  which  Davy  formed  with  hyperoxygenated  iodine.  Gay- 
Lussac  likewise  obtained  this  compound,  and  considered  it  as  a  pure 
eiiiodine,  which  has  not  yet  been  exhibited  in  a  separate  state. 
Muriatic  and  iodic  acids  resemble  fluoric  acid,  which  combines 
with  sulphuric  acid  and  oxygen,  in  which  water  is  supercombined. 

My  advice  has  been  at  last  followed,  in  decomposing  the  euchlo- 
rates  and  euiodates,  namely,  to  \i\xx.  a  little  acid  or  simple  salt  along 
with  the  mixture.  The  simple  acid  becomes  oxygenated,  and  then 
e«acid,  which  is  immediately  separated  by  or  engaged  with  the 
sulphuric  acid,  unless  we  wish  that  both  the  sulphate  and  the  sim- 
ple salt  and  the  oxygenated  salt  should  be  immediately  decomposed. 
To  explain  according  to  the  new  views  the  formation  of  acids 
snerely  bisoxygenated,  we  must  make  a  great  many  gratuitous  sup- 
positions of  decompositions  and  combinations  of  the  simple  acids 
of  these  bodies.  Besides,  Jf  it  be  true  that  iodino-chlorine  allows 
oxygen  to  escape  when  heated,  the  question  may  be  considered  as 
decided. 

I  know  at  present  that  when  a  dry  fluate  is  decomposed  by  a  me- 
tal, we  can  only  remove  one  half  of  the  acid;  the  metallic  fluoride 
combines  with  the  base  thus  reduced  to  the  state  of  a  subfluoride. 
Water  separates  the  metallic  fluoride  from  the  fluate,  provided  the 
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base  of  this  salt  is  not  soluble,  or  together  with  this  base  if  it  be  so- 
luble, and  then  under  the  form  of  a  metallo-fluoret  with  an  oxide, 
a  body  analogous  to  the  sulphurets  and  phosphurets  of  the  same 
substance.*  J.  B.  Van  Mons. 

XI.  Death  of  George  Montague,  Esq. 

This  celebrated  British  zoologist  who  had  attained  the  76th  year 
of  his  age ;  but  was  still  healthy  and  vigorous,  and  actively  em- 
ployed in  his  favourite  pursuits,  about  a  fortnight  ago  wounded  his 
foot  witli  a  nail,  which  rendered  him  lame.  He  was  at  length 
seized  with  locked  jaw  and  all  its  concomitant  horrors,  and  died  in 
the  course  of  the  following  day.  In  him  Britain  loses  a  zealous  and 
successful  zoologist.  His  works  are  well  known  and  highly  valued 
by  naturalists  in  general. 

XII.  Scliool  of  Athens. 

iSIost  of  my  readers  are  probably  aware,  that  for  some  time  past 
the  Greeks  have  displayed  a  considerable  desire  to  put  themselves 
on  a  footing,  in  point  of  knowledge,  with  the  other  nations  of  En- 
rope.     Schools  have  been  erected  in  different  parts  of  the  country, 
books  have  been  translated  from  the  Italian,  the  French,  the  Ger- 
man and  the  English,  several  original  Greek  works  have  appeared, 
Greek   newspapers  have  been  regularly  published  for  some  years 
past,  and  even  a  Greek  periodical  work  is  edited  at  Vienna.  Athens, 
formerly  the  seat  of  science  and  of  the  arts,  is  still  a  considerable 
city,  inhabited  chiefly  by  Greeks.     The  inhabitants  enjoy  a  greater 
degree  of  liberty  and  are  distinguished  by  a  greater  degree  of  spright- 
liness,  intrigue,  and  wit,  than  are  to  be  found  in  the  other  cities  of 
Greece.     Formerly  there  existed  a  school  in  Athens  supported  by  a 
sum  of  money  which  a  charitable  Athenian  had  lodged  in  the  bank 
of  Venice.     But  when  this  bank  was  destroyed  by  the  conquest  of 
Venice  by  Bonaparte,  the  income  of  course  was  at  an  end,  and 
this   oI}liged   the  inhabitants  of  Athens   to  shut  up  their  school. 
About  six  years  ago  Dr.  Rhasis  being  travelling  through  Greece, 
was  affected  even  to  tears  when  he  observed  the  state  of  Athens,  re- 
duced to  subjection  and  even  deprived  of  a  school.     He  summoned 
a  meeting  of  the  principal  inhabitants,  and  after  they  had  concerted 
the  means  of  re-establishing  the  school,  he  accepted  the  title  of 
Ephonts,  or  principal  director  of  it,  which  the  inhabitants  offered 
him.     On  his  return  to  Constantinople  he  consolidated  the  school 
by  the  privileges  which  he  obtained  from  the  government  and  the 
patriarch,  and  at  present  the  school  of  Athens  flourishes  under  his 
inspection.     The  following  is  an  extract  of  a  letter  from  Mr.  John 
Polama,  Professor  of  the  school,  dated  the  27th  May  1314,  in 
which  he  gives  an  account  to  Dr.  Rhasis  of  the  solemn  distribution 
of  the  prizes.     It  is  published  in  the  'Ep^aijj  o  Aoyioj  (the  Literary 

*  The  account  of  flay-ljussac's  opinions  respecting  tiie  combinntiou  of  chlorine 
and  oivgcii  in  this  letter  is  very  obscure  to  rae,  probably  from  not  understand- 
jii(;  tlio  noiii'-iiclature  of  Van  Mons.  I  liave  translated  it  therefore  as  literally  a» 
posjiblc.     T. 
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Mercury)  a  periodical  Greek  work  edited  at  Vienna  by  Anthimos 
Gazy. 

"  I  have  opened,"  says  he,  "  a  literary  concourse,  and  collected 
in  the  school  the  inhabitants  of  the  first  and  second  class,  to  hear 
tlie  reading  of  different  pieces  in  prose  and  verse,  composed  by  the 
pupils  in  ancient  and  modern  Greek.  The  applauses  were  unani- 
mous, not  only  of  the  Greeks  but  of  the  French  and  English  who 
assisted  at  the  meeting,  and  who  were  loud  in  their  praises  of  the 
scholars  and  of  the  professor  who  had  directed  them.  The  success- 
ful pupils  were  rewarded  by  the  Society  of  the  Philomiises,*  which 
has  been  just  formed,  some  with  gold  or  silver  rings,  each  accord- 
ing to  his  merit,  some  with  money.  The  poor  children  were  even 
supplied  with  clothes." 

A  Greek  college  has  even  been  lately  established  at  Melios  by 
Anthimos  Gazy.  A  school  existed  already  in  the  same  place,  but 
it  has  been  greatly  enlarged,  and  the  number  of  professors  or  teach- 
ers increased. 

XIII.  IFerner's  CollecfioJi  of  Minerals. 

Werner  has  disposed  of  his  invaluable  collection  of  minerals  to 
the  Academy  of  Mines  at  Freyberg.  It  was  valued  by  the  Saxon 
Government  at  5(),000  dollars  ;  but  Werner  declared  that  in  the 
present  impoverished  state  of  his  country  so  great  a  sum  ought  not 
lo  be  taken,  and  therefore  most  patriotically  reduced  the  price  to 
40,000  dollars.  He  parted  with  his  collection  to  the  Academy  under 
the  following  conditions  :  1.  That  he  should  receive  immediately  the 
sum  of  7,000  dollars.  2.  That  he  should  receive  during  his  life  the 
interest  of  33,000  dollars,  at  the  rate  of  five  per  cent.  3.  That  at 
his  death  the  capital  of  33,000  dollars  should  fall  to  the  funds  of  the 
Academy.  

Article   XVI. 

Scientific  Books  in  hand,  or  in  the  Tress. 

In  consequence  of  the  numerous  important  discoveries  that  are  daily 
making  by  Berzelius  and  others  in  the  science  of  chemistry,  Mr. 
W.  Henley  is  induced  to  delay  his  promised  series  of  Chemical  Tables 
some  time  longer,  in  order  to  render  them  as  perfect  as  possible  ;  par- 
ticularly as  the  composition  of  many  of  the  vegetable  bodies  is  not  at 
present  correctly  determined. 

Dr.  Henry,  of  Manchester,  is  preparing  for  the  press  a  new  edition 
of  his  Elements  of  Chemistry. 

Mr.  Huish's  Practical  Treatise  on  Bees  will  be  ready  for  publication 
in  a  few  days. 

The  new  edition  of  Dr.  Hutton's  Philosophical  Dictionary  is  nearly 
ready  for  publication. 

The  Eighth  Volume  of  Shaw's  Zoology,  under  the  superintendance 
of  Dr.  Leach,  is  in  considerable  forwardness. 

*  The  object  of  this  Society  is  to  furnish  the  funds  necessary  for  the  propagation 
of  learning  in  Greece,  for  the  pulilicaiion  of  classical  T(orks,  for  siip])orting  indi- 
gent young  persons  educated  to  the  sciences,  and  for  researches  into  antiquity  of 
every  kind. 
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Article  XVII. 
METEOROLOGICAL  TABLE. 


Barometer. 

Thermometer. 

! 

1815. 
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The  observ.itions  in  each  line  of  the  fable  apply  to  a  period  of  twenfv-four 
nours,  b«K,nni..j5  at  9  A.  M.  on  tlie  day  indicah-d  "in  the  first  column.  \  du-J. 
<.-ooU-s,  th»t  the  result  is  included  in  the  next  following  observation. 
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REMARKS.  , 

Fifth  Month. — 1.  Dew  tbis  morning:  a  Tcry  fine  day  :  lightning  at  night  far  in 
the  S.  2.  Dew,  with  luditnents  of  thunder  clouds,  which  in  increasing  became 
■very  beautiful:  a  storm  was  within  hearing  the  whole  raid-day,  to  S.  and  S.  W.: 
p.m.  a  heavy  shower  mixed  with  large  hail,  followed  by  lightning  in  the  S.  E. 
3.  A  strong  breeze  :  thunder  clouds,  which  dispersed  in  the  evening.  4.  Cumulo- 
stratus :  some  showers,  followed  by  Cirrostratus.  5.  Much  dew  :  clear  morning, 
succeeded  by  Cumulus,  &c. :  thunder  to  the  S. :  a  shower  in  the  evening.  6.  Dew 
in  large  drops :  somewhat  misty  and  overcast :  a  shower  in  the  night.  7.  Windy  : 
dripping  at  eve.  9.  Cumulostralus :  a  few  drops  by  inosculation  at  sun-set :  rain 
in  the  night.  10.  Windy  :  driving  clouds.  11.  Dew:  windy,  a.m.  at  S.  E.  with 
large  Cirri,  and  below  them  Cirrocumulus,  variable  and  beautiful :  p.  m.  the 
Cumulus  was  added,  with  Cirrostratus  in  the  region  of  its  base  :  at  sun-set  a 
storm  in  S.  W,,  which  about  nine  passed  us  to  N.  E:  the  lightning  in  violet  co- 
loured sheets,  with  delicate  white  branched  streaks  on  them:  the  thunder  mode- 
rate, rolling  out  to  a  great  length.  12.  Much  wind  :  slight  showers,  a.  m.  :  clouds 
and  haze  at  sun-set.  13.  Wind  and  rain:  at  half-past  six  p.m.,  during  a  heavy 
shower  which  passed  to  the  E.,  there  was  a  perfect  double  rainbow,  on  which  I 
repeated  an  observation  already  recorded  in  this  register,  under  Fifth  Month,  4, 
1813.  The  contrast  of  the  space,  included  between  the  two  bows,  with  the  tint 
of  the  remainder  of  the  cloud,  was  on  the  present  occasion  very  striking. 
14.  Fair  and  warm:  a  shower,  p.m.  with  a  bow:  Cirrostratus.  15.  Hollow 
wind  at  S.  with  an  overcast  sky  :  wet  evening.  16.  Cumnlostratus :  wind,  p.m. 
N.  W.  a  milky  luminous  twilight:  much  dew.  17.  Somewhat  misty  morning: 
p.m.  Cirrostrati  advancing  from  the  N.  overspread  the  sky,  without  any  other 
cloud.  18.  a.m.  Windy  at  N.,  and  overcast  with  Cumulostratus :  clear  aud 
calm,  p.m. :  red  sun-set.  19.  A  very  fine  day:  the  twilight  luminous,  and  some- 
what ruby-coloured,  followed  by  Cirrostratus.  20,  Windy  :  various  clouds  :  the 
sky  purplish  round  the  moon  at  night.  21.  a.m.  Brisk  N.  W.  wind:  showers. 
23.  Showers,  28.  A  brisk  wind  at  S.  E.:  Cirrus,  followed  by  Cirrostratus  :  Nimbi 
in  the  S,  at  sun-set :  rain  by  ten  at  night.     29.  So]ne  thunder :  rainy  afternoon. 


RESULTS. 

Winds  Westerly,  with  a  small  portion  of  Easterly  at  the  beginning  and  end  of  the 

period. 

Barometer:  Greatest  height 30-23  inches. 

Least  29-51 

Mean  of  the  period    29-812 

Thermometer:  Greatest  height 80° 

Least  34 

Mean  of  the  period 58*58 

Evaporation,  2-08  inches.      Rain,  1*10  inch. 

From  the  6lh  to  the  22d  inclusive,  I  made  observations  on  the  temperature  with 
an  additional  Six's  thermometer,  placed  in  a  position  nearly  horizontal  exposed  to 
the  sun  on  a  grass  plat,  20  yards  distant  from  the  standard  one  (which  is  near  the 
house),  and  about  ten  feet  lower  than  the  latter.  This  second  thermometer  indi- 
cated, with  two  exceptions,  a  higher  temperature  for  the  day  ;  the  difference  in 
one  case  being  10°,  and  the  mean  difference  4°:  it  indicated,  uniformly,  a  lotcer 
temperature  for  the  uight,  the  greatest  difference  being  6°,  the  mean  difference 
4-9°  :  but  the  total  mean  of  the  observations  differed,  as  1  anticipated,  very  little, 
the  upper  thermometer  giving  57 '5°,  the  lower  57-1". 

ToTTENHA.«,  Sixth  Month,  7,  1815.  L.   HOWARD. 
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Article  I. 


Some  Account  of  the  late  Smithson  Tennant,  Esq. 

{Continued  from  p.   11.) 

J.  HAT  desire  of  visiting  remote  countries,  of  viewing  the  pro- 
ductions of  Nature  in  more  favoured  climates,  and  of  observing  the 
practical  effects  of  different  systems  of  laws  and  government,  whicJi 
is  common  to  every  man  of  talents  and  curiosity,  was  felt  with 
peculiar  force  by  Mr.  Tennant,  and  may  be  considered  as  one  of 
his  ruling  passions.  He  was  therefore  much  disposed,  after  he  had 
relinquished  the  intention  of  medical  practice,  to  indulge  this  in- 
clination, and  to  travel  in  those  parts  of  Europe  which  he  had  not 
already  visited.  But  the  war  with  France  opposed  many  obstacles 
to  continental  excursions  ;  and  the  uncommon  sufferings  which  he 
experienced  from  sea  sickness,  deterred  him  from  forming  any.  pro- 
ject in  which  a  sea  voyage  of  any  considerable  length  was  to  be  im- 
dcrtaken.  He  often  regretted  that  this  unfortunate  peculiarity  of 
his  constitution  prevented  him  from  seeing  the  United  States  of 
America;  and  he  abandoned,  but  with  considerable  reluctance, 
those  schemes  of  travelling  in  distant  countries,  to  which,  at  this 
particular  period  of  his  life,  he  would  otlierwise  have  been  strongly 
inclined. 

But  although  he  was  thus  prevented  from  indulging  in  a  favourite 
taste,  his  situation  at  this  period  was  in  many  respects  one  of  the 
most  enviable  in  which  a  man  of  science  could  be  placed.  He  was 
independent  in  his  circumstances;  and  being  free  from  all  profes- 
sional avocations,  enjoyed  the  entire  command  of  his  own  time. 
His  residence  in  the  metropolis  gave  him  easy  access  to  whatever 
■was  new  and  valuable  in  science  and  literature,  as  well  as  the  means 
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of  constant  intercourse  with  acveral  of  his  most  intimate  friends, 
who  were  more  or  less  interested  in  his  own  particular  pursuits,  and 
with  whom  he  could  freely  communicate  relative  to  the  various  sub- 
jects upon  which  he  was  continually  employed.  His  philosophical 
reputation  was  established ;  his  talents  were  fully  acknowledged ; 
and  he  was  beginning  to  be  known  and  valued  in  a  distinguished 
circle  of  society  for  the  extent  and  originality  of  his  knowledge, 
and  his  extraordinary  powers  of  entertainment  and  information. 

Something,  however,  was  still  wanting  to  his  happiness  :  for 
though  his  time  was  agreeably  and  usefully  filled  up,  he  was  with- 
out any  regular  occupation  or  definitive  object  of  pursuit ;  and  his 
studies,  however  interesting,  were  too  desultory  to  fix  his  attention, 
or  take  a  sufficiently  permanent  hold  on  his  thoughts.  The  com- 
position of  some  literary  or  scientific  work  (of  which  at  different 
periods  of  his  life  he  had  several  vague  and  floating  projects)  would 
have  been  the  natural  resource  and  occupation  of  such  a  mind. 
But  although  JNIr.  Tennant  was  capable  of  great  efforts  on  a 
sudden  emergency  or  for  a  particular  purpose,  he  had  his  full  share 
of  that  indecision,  and  fastidiousness  of  taste  which  belong  to  the 
temperament  of  genius  ;  and  which  seldom  fail,  unless  counter- 
acted by  early  habits  of  self  controul,  to  disqualify  the  possessor  for 
those  long  continued,  and  persevering  exertions,  so  indispensable 
to  great  literary  undertakings.  This  defect  of  resolution,  originating 
in  part  from  his  extraordinary  powers,  was  lamented  by  all  his  par- 
ticular friends,  but  by  no  one  more  feelingly  than  by  Mr.  Tennant 
himself.  It  increased  with  his  increasing  years ;  and  the  evil  was 
now  aggravated  by  an  unfortunate  alteration  in  the  state  of  his 
health,  which  was  beginning  gradually  to  decline,  and  to  require 
continual  attention. 

It  was  owing  principally  to  these  causes  that,  within  a  very  itw 
years  after  he  had  relinquished  the  study  of  medicine,  he  became 
insensibly  disposed  to  some  new  occupation  ;  and  one  of  those  acci- 
dents upon  which  the  fortunes  of  human  life  depend,  determined 
him  to  engage  in  agricultural  pursuits.  He  had  for  some  time  been 
accustomed  to  take  long  journies  for  the  sake  of  his  health  ;  during 
one  of  which  he  happened  to  pay  a  visit  to  a  friend  in  Lincol:;shire, 
who  had  been  much  connected  with  his  familj',  but  with  whom  he 
was  not  in  habits  of  regular  intercourse.  This  was  about  the  year 
1797)  at  an  early  period  of  those  great  advances  in  agriculture,  since 
become  very  general,  by  which  that  part  of  the  kingdom  has  been 
so  much  distinguished.  His  friend's  residence  was  in  an  extensive 
tract  of  country,  very  favourable  for  such  improvements,  adjoining 
to  the  river  Trent,  and  known  by  the  name  of  the  Isle  of  Axholme, 
where  very  considerable  enclosures  had  lately  taken  place,  A  great 
spirit  of  enterprize  had,  in  consequence,  been  excited  ;  and  the  cul- 
tivation of  new  land  (principally  by  the  growth  of  rape  seed)  was 
carried  on  to  a  great  extent,  and  with  extraordinary  vigour  and 
success.  There  was  nothing  in  the  previous  habits  of  Mr.  Tennant's 
life  which  had  particularly  led  him  to  the  study  or  practice  of  agri- 
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culture  ;  but  the  siglit  of  these  great  improvements  afforded  much 
gratification  to  his  feelings,  and  was  highly  interesting  to  his 
curiosity.  His  attention  was  very  naturally  directed  to  the  system 
of  cultivation  itself;  and  the  knowledge  and  experience  of  his  Lin- 
colnshire friend,  who  had  himself  practised  the  new  husbandry 
with  great  intelligence  and  success,  afforded  him  the  best  means  of 
information  relative  to  the  whole  of  this  subject.  Under  the  in- 
fluence of  his  example  and  advice,  and  after  having  satisfied  him- 
self that  the  speculation  afforded  a  reasonable  prospect  of  advan- 
tage, Mr.  Tennant  shortly  afterwards  purchased  several  allotments 
of  unenclosed  land  in  that  neighbourhood,  and  began  to  cultivate 
them  on  his  own  account,  entrusting  the  chief  management  of  the 
concern  to  the  skill  and  judgment  of  his  friend.  At  subsequent 
periods  he  purchased  other  allotments,  and  made  considerable  addi- 
tions to  this  property. 

From  the  time  of  making  his  first  purchase  in  Lincolnshire,  Mr. 
Tennant  paid  great  attention  to  the  study  of  rural  economy ;  and 
his  attachment  to  this  new  pursuit  gradually  increasing,  he  became 
desirous  of  engaging  in  some  agricultural  concern  upon  a  more  ex- 
tensive scale.  It  was  with  this  intention  that  about  the  year  1 793  or 
1799  he  purchased  a  considerable  tract  of  waste  land,  newly  allotted 
under  an  Enclosure  Act,  on  the  Mendip  hills  in  Somersetshire. 
The  purchase  was  originally  made  in  conjunction  with  a  particular 
friend,  who  for  some  time  resided  on  the  spot,  and  personally 
superintended  the  concern.  But  a  partition  of  the  estate  afterwards 
taking  place,  a  portion  of  land  was  assigned  to  Mr.  Tennant, 
situated  near  the  well-known  village  of  Cheddar,  which  was  re- 
tained by  him  in  his  own  hands,  and  became  the  principal  scene  of 
his  farming  operations.  Here  he  built  a  small  house,  at  which, 
during  the  remainder  of  his  life,  he  passed  some  months  eyery 
summer,  besides  occasional  visits  at  other  times  of  the  year. 

London,  however,  still  continued  to  be  the  principal  place  of  his 
residence ;  since  his  passion  for  agriculture,  however  strong,  had  in 
no  respect  diminished  his  high  relish  for  the  pleasures  of  cultivated 
society,  and  for  the  interesting  objects  continually  aiforded  by  the 
metropolis.  It  must  be  obvious,  however,  that  these  latter  tastes 
must  have  interfered  very  considerably  with  the  due  management  of 
his  farming  concerns.  Such  undertakings,  in  order  to  be  profitable, 
require  for  the  most  part  strict  personal  inspection,  and  a  constant 
attention  to  minute  details.  This  sort  of  vigilance  it  was  impossible 
for  Mr.  Tennant  to  exert ;  but  he  kept  up  a  constant  correspond- 
ence with  his  agents  in  the  country,  receiving  from  them  such  in- 
formation, and  transmitting  such  instructions,  as  could  be  commu- 
nicated by  letters.  For  a  certain  period  (as  it  was  reasonable  to 
expect),  owing  partly  to  his  own  inexperience,  and  partly  to  un- 
favourable seasons,  and  other  accidents,  his  speculations  were  not 
prosperous  ;  and  he  occasionally  suftercd  some  anxiety  and  disap- 
pointment. But  in  process  of  time  he  acquired  more  practice  and 
information,   and  became  insensibly   habituated  to   m;iny   trifling 
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vexation?,  wlilch  at  first  had  given  him  uneasiness.  The  prospect 
gradually  brightened  ;  and  during  the  latter  part  of  his  life  his  con- 
cerns were  brought  into  better  order,  and  appear  to  have  been 
attended  with  a  reasonable  degree  of  success. 

But  whether  these  agricultural  undertakings  were  profitable  of 
not,  they  doubtless  contributed  in  several  important  respects  to  his 
comfort  and  happiness.     They  were  conducive  to  his  health,   by 
affording  additional   motives  for  exercise  in  the  open  air,  and  ^or 
those   long  journies  on   horseback  which  his  constitution  required, 
and  which  were  thus  rendered  less  irksome.     Tiiev  furnished  his 
mind  with  a  perpetual  sup[)ly  of  that  stcadv,  equable  occupation,, 
which  forms  so  essential  ;in  ingredient  in  human  happiness,  but 
wln^ch  possibly  he  would   not  have  provided  for  himself  from  any 
otiier  source.     What  was  scarcely   less  important,  these  pursuits 
were  the  accidental  occasion  of  his  reviving  a  connection  with  one 
of  his  early   friends,  formed  originally  at  Cambridge,  but  which 
distance  of  place  and  otiier  circumstances  had  interrupted  for  many 
years.     The  intercourse  between  them  was  renewed  soon  after  Mr. 
Tennant  became  established  at  the  Somersetshire  farm,  which  was 
not  far  from  his  friend's  residence ;  and  it  was  productive  of  great 
happiness  to  both  parties.  Mr.  Tennant  found  in  his  friend's  family 
those  congenial  tastes  and  opinions,  which  form  the  strongest  bond 
of  union  ;  and  during  the  remainder  of  his  life   he  invariably  ex- 
perienced from  them  all  that  affectionate  regard,  which  the  greatest 
personal  esteem,  united   with  a  sincere  admiration  of  his  talents, 
could  inspire.     With  these  friends,  whenever  he  had  leisure  and 
inclination,  he  found  a  constant  home  ;  and  it  is  highly  probable 
that  some  of  his  happiest  hours  were  passed  in  their  hospitable 
mansion. 

The  change  in  his  habits,  occasioned  by  his  agricultural  engage- 
ments, was  not  equally  favourable  to  his  scientific  pursuits.  His 
spirits  were  often  exhausted,  and  his  mind  fatigued  and  oppressed, 
by  the  attention  which  he  thought  it  necessary  to  bestow  upon  the 
correspondence  with  his  agents,  the  examination  of  his  farming 
accounts,  and  other  details  equally  tedious  and  minute;  and  it  is 
impossible  to  reflect  upon  the  time  thus  consumed,  without  lament- 
ing that  it  was  not  employed  for  purposes  more  beneficial  to  man- 
kind, and  more  worthy  of  his  genius  and  understanding. 

It  appears,  however,  from  various  notes  and  memoranda  which 
are  found  among  his  papers,  that  from  the  time  when  he  first  be- 
came engaged  in  agricultural  pursuits,  he  was  very  industrious  in 
procuring  information  from  the  best  works  upon  farming,  and  that 
he  made  various  practical  remarks  during  his  journies,  and  collected 
many  accurate  and  circumstantial  details  relative  to  the  modes  of 
cultivation  adopted  in  different  parts  of  England.  In  the  course  of 
these  inquiries,  he  had  discovered  that  there  were  two  kinds  of  lime- 
stone known  in  the  midland  counties  of  England,  one  of  which 
differed  frotai  common  lime-stone  in  yielding  a  lime  injurious  to 
vegetation.     He  explained  the  cause  of  this  difference  in  a  pper 
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communicated  to  the  Royal  Society  in  the  year  1/99 ;  shewing-  that 
carbonate  of  magnesia  is  an  ingredient  in  the  ktter  species  of  lime- 
stone, which  he  describes  as  an  extensive  stratum  jn  the  midland 
counties,  and  as  being  found  also  in  many  other  situations,  particu- 
larly among  the  primitive  inarbles,  under  the  name  of  Dolomite.  He 
gives  the  proportions  in  wiiich  lime  and  magnesia  exist  in  many 
sjx:cimens  of  this  lime-stone,  and  infers  from  its  slow  solution  in 
acids,  and  from  its  crystalline  structure,  that  it  is  rather  the  result 
of  chemical  combination  than  of  a  casual  mixture  of  the  two 
earths.  This  conjecture  has  since  been  verified  by  the  goniometrical 
researches  of  Dr.  Wollaston,  and  by  the  near  agreement  of  Mr. 
Tennant's  analysis  with  the  constitution  of  the  mineral  as  inferred 
from  the  law  of  definite  proportions. 

Mr.  Tennant  had  found  that  grain  will  scarcely  germinate,  and 
soon  perishes,  in  moistened  and  perfectly  mild  carlwnate  of  mag- 
nesia; and  that  the  injurious  effects  of  the  magnesia  in  agriculture  do 
not  depend  on  its  property  of  long  remaining  caustic,  but  probably 
on  some  inherent  quality  of  the  earth  itself.  He  also  made  many 
experiments  on  the  germination  and  gri)wth  of  various  seeds  and 
plants  in  different  mixtures  of  the  simple  earths;  and  transporting 
portions  of  soil,  either  from  his  own  estates,  or  from  different  parts 
of  England,  to  the  neighbourhood  of  London,  he  tried  on  a  small 
scale  the  effects  of  various  manures  in  promoting  the  growth  of 
different  vegetables,  and  endeavoured  in  this  way  to  obtain  hints  for 
improved  modes  of  cultivation. 

In  the  year  1802  he  communicated  to  the  Royal  Society  his  che- 
mical examination  of  Emery,  which  had  hitherto  been  considered  as 
an  ore  of  iron.  He  showed  that  it  consists  principally  of  alumina, 
and  that  it  nearly  agrees  with  the  Corundum  of  China,  which  had 
been  analyzed  a  short  time  before  by  Klaproth. 

In  the  month  of  July  during  the  same  year,  in  endeavouring  io 
make  an  alloy  of  lead  with  the  powder  which  remains  after  treating 
crude  platina  with  aqua  regia,  he  observed  remarkable  properties  in 
the  powder,  and  found  that  it  contained  a  new  metal.  But  wliile 
he  was  engaged  in  pursuing  this  investigation,  the  attention  of  two 
Frencii  chemists  was  accidentally  directed  to  the  same  ol:)ject.  In 
the  autumn  of  1803  M.  Descotils  had  discovered  that  the  powder 
contains  a  metal  which  gives  a  red  colour  to  the  ammoniacal  preci- 
pitate of  platina  ;  and  M.  Vauquelin  having  treated  the  powder  with 
alkali,  obtained  from  it  a  volatile  oxide,  which  he  considered  as  be- 
longing to  the  same  metal. 

In  the  spring  of  the  year  1804.  Mr.  Tennant  having  completed 
the  course  of  his  experiments,  communicated  the  results  to  the 
Royal  Society.  He  shewed  that  the  powder  consisted  of  two  new 
metals,  to  which  he  gave  the  names  of  Iridium  and  Osmium,  and 
that  these  miglit  be  separated  from  one  another  by  the  ahernate 
action  of  heated  alkali  and  of  acid  menstrua.  By  crystallization 
from  the  acid  solution,  lie  obtained  a  pure  salt  of  iridium,  from 
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which  he  determined  with  accuracy  the  real  properties  of  the  metal 
and  of  its  compounds ;  and  from  a  comparison  with  these  he  ascer- 
tained that  the  volatile  oxide  belonged  to  another  metal  (osmium), 
which  he  also  obtained  in  a  state  of  purity. 

The  analysis  of  crude  platina  presented,  perhaps,  some  of  the 
greatest  difficulties  wilh  which  chemistry  had  ever  yet  ventured  to 
contend.  Besides  affording  traces  of  several  of  the  known  metals, 
the  ore  contained,  in  very  minute  quantities,  four  new  metallic 
elementary  bodies,  wliose  existence  was  previously  unsuspected,  and 
whose  respective  characters  were  to  be  distinguished  before  the 
separate  nature  of  the  bodies  could  be  ascertained.  Dr.  WoUaston 
and  iVlr.  Tennant,  who  were  employed  upon  this  ore  at  the  same 
time,  and  whose  habits  of  friendly  intercourse  led  them  to  commu- 
nicate freely  with  each  other  during  the  progress  of  their  experi- 
ments, gave  proofs  of  their  great  sagacity  by  completely  solving 
this  problem  ;  Mr.  Tennant  in  the  manner  already  described,  and 
his  fiiend  by  the  discovery  of  the  two  metals  called  Palladium  and 
Rhodium. 

On  the  SOth  of  November,  1804,  Mr.  Tennant  had  the  honour 
of  receiving  the  Copley  medal,  which  was  conferred  on  him  by  the 
Royal  Society  for  his  various  Chemical  Discoveries. 


About  the  year  1805  and  1806  Mr.  Tennant  made  two  journies 
during  successive  summers  into  Ireland  ;  going  and  returning  on 
both  occasions  by  Scotland,  in  order  to  abridge  as  much  as  possible 
the  sufferings  attendant  on  a  sea  voyage.  In  the  coui-se  of  these 
journies  he  visited  most  parts  of  Ireland  which  possess  any  attrac- 
tion for  a  traveller,  and  had  the  advantage  of  viewing  the  Giant's 
Causeway,  in  company  witli  Dr.  Wollaston,  whom  he  met  by  a 
fortunate  accident  in  the  north  of  Ireland  during  one  of  these 
tours. 

His  attention,  however,  was  not  confined  to  scientific  objects ; 
for  he  made  many  remarks  on  the  agriculture,  manufactures,  and 
general  state  of  Ireland.  He  was  particularly  struck  with  the  vast 
population  of  the  country,  compared  with  that  of  Scotland,  through 
which  he  iiad  lately  passed,  and  even  with  the  average  population 
of  England.  The  backward  state  of  its  improvement  and  cultiva- 
tion-, considering  its  various  resources,  and  the  natural  fertility  of 
the  soil,  presented  other  objects  of  contrast,  which  could  not  fail 
to  interest  him.  His  attention  was  naturally  led  to  the  causes  of 
this  inferiority  ;  but  to  enter  into  his  opinions  on  this  important 
subject,  would  require  a  wider  field  of  discussion  than  is  consistent 
with  the  limits  of  the  present  narrative.  One  observation,  how- 
ever, selected  from  many  others,  which  is  strongly  marked  with  his 
characteristic  liberality  and  good  sense,  may  perhaps  deserve  to  be 
mentioned.  His  curiosity  had  led  him  to  inquire  into  the  state  of 
education  among  the  lower  Irish  Catholics,  and  he  was  much  struck 
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with  the  narrow  and  illiberal  cast  of  most  of  their  books  of  popular 
instruction.  This,  which  he  justly  considered  as  a  serious  evil,  he 
attributed  in  a  great  degree  to  a  sort  of  party  spirit  in  tlu;  Catholic 
clergy,  which  arises  from  the  unfortunate  alienation  subsisting  be- 
tween them  and  the  Government.  He  observed,  that  if  proper 
means  were  taken  to  conciliate  this  body,  they  would  gradually 
relax  from  their  strictness,  and  become  belter  informed  and  more 
enlightened  J  and  that  thus,  without  the  formality  of  conversion, 
the  great  mass  of  their  followers  might  perhaps,  by  little  and  little, 
imbibe  a  portion  of  the  spirit  of  protestantism,  and  be  brought  to 
partake  of  the  knowledge  and  improvements  of  the  age. 

In  one  of  the  journies  to  Ireland,  wliicli  has  given  occasion  to 
these  remarks,  Mr.  Tennant  was  accompanied  by  Mr.  Browne, 
the  celebrated  African  traveller,  with  whom  he  had  lived  for 
some  time  in  habits  of  great  intimacy.  As  Mr.  Browne,  although 
not  much  personally  known,  was  remarkable  on  several  accounts, 
and  a  man  of  considerable  merit,  it  may  not  be  improper  to  de- 
scribe shortly  the  nature  and  origin  of  this  connection  ;  which  will 
also  afford  an  opportunity  of  throwing  a  new  light  upon  Mr.  Ten- 
nant's  character,  and  placing  it  in  a  particular  point  of  view,  in 
which  it  has  not  yet  been  considered. 

Mr.  Tennant  was  one  of  the  most  determined  advocates  of  civil- 
ized life,  in  opposition  to  those  sentimental  theories,  which  extol 
simplicity,  and  undervalue  the  advantages  of  a  refined  and  cultivated 
age.  The  decided  superiority  of  the  latter  was  one  of  his  favourite 
topics  of  conversation  ;  and  he  would  often  dwell  with  particular 
pleasure  upon  the  spirit  of  improvement  displayed  in  our  own  times, 
and  the  energy  and  intelligent  activity  of  modern  Europe,  which  he 
was  fond  of  contrasting  with  the  apathy  and  torpor  of  the  East.  Yet 
by  one  of  those  inconsistencies,  from  which  no  human  understand  - 
ing  is  entirely  exempt,  he  took  a  singular  interest  and  delight  in  all 
accounts  of  Oriental  nations,  and  in  the  peculiarities  and  details  of 
their  characters,  habits,  and  institutions.  The  historical  recollec- 
tions and  images  of  ancient  renown  which  are  associated  with  those 
remote  countries,  the  entire  difference  of  manners  and  religions, 
and  the  dignified  gravity  and  imposing  exterior  of  the  present  inha- 
bitants, amused  and  gratified  his  imagination.  He  was  a  consider- 
able purchaser  and  collector  of  books  and  engravings  relative  to  the 
East ;  and  had  perused  with  great  eagerness  and  curiosity  all  the 
numerous  publications  respecting  Turkey,  Egypt,  and  Persia,  which 
have  appeared  during  the  last  twenty  years.  He  was  also  familiarly 
acquainted  with  the  principal  Eastern  travellers  of  former  times; 
among  whom  Chardin,  Norden,  Russell,  and  Shaw,  were  those 
whom  he  particularly  valued.  His  knowledge  of  t!ie  countries  de- 
scribed by  these  writers  was  remarkably  accurate  and  minute,  and 
extended  in  many  cases  even  to  geographical  details. 

VVith  the  tastes  and  feelings  resulting  from  this  turn  of  mind,  it 
may  easily  be  conceived  that  Mr.  Tennant  had  a  peculiar  gratifiea- 
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tion  in  the  society  of  Mr.  Browne.  He  found  in  that  distinguished 
traveller,  not  only  an  intimate  acquaintance  with  those  countries 
which  so  much  interested  his  curiosity,  but  a  considerable  fund  of 
learning  and  information,  united  with  great  modesty  and  simplicity, 
and  with  much  kindness  of  disposition.  By  strangers,  however, 
Mr.  Browne's  cl)aractcr  was  apt  to  be  misunderstood.  Whetlier 
from  natural  temperament,  or  from  habits  acquired  in  tlie  East,  he 
was  unusually  grave  and  silent,  and  his  manners  in  general  society 
were  extremely  cold  and  repulsive.  Even  in  company  with  Mr. 
Tennant,  to  whom  he  became  sincerely  attached,  he  would  often 
remain  for  some  time  gloomy  and  thoughtful.  But  after  indulging 
himself  with  his  pipe,  his  eye  brightened,  his  countenance  became 
animated,  and  he  described  in  a  lively  and  picturesque  manner  the 
interesting  scenes  in  which  he  had  been  engaged,  and  to  vvhich  he 
again  looked  forward.  Of  the  impression  left  on  Mr.  Tennant's 
mind  by  these  interviews,  some  idea  may  be  formed  from  the  follow- 
ing passage  of  a  letter  written  by  him  to  an  intimate  friend  soon 
after  he  had  received  the  account  of  Mr,  Browne's  death.  "  I 
recall,"  he  says,  "  the  Nodes  ArahiccB  which  1  have  often  passed 
with  him  at  the  Adelphi,  where  1  used  to  go  whenever  I  found 
myself  gloomy  or  solitary  ;  and  so  agreeable  to  me  were  these  sooth- 
ing, romantic  evening  conversations,  that  after  ringing  his  bell,  I 
used  to  wait  with  some  anxiety,  fearful  that  he  might  not  be  at 
home." 

In  the  auturnn  of  1812,  some  years  after  his  journey  to  Ireland 
with  Mr.  Tennant,  Mr.  Browne  took  his  departure  from  England 
on  an  expedition  which  he  had  long  projected,  to  the  unexplored 
Tartar  city  of  Samarcand.  He  first  visited  Constantinople  ;  and  at 
the  instigation  of  Mr.  Tennant  made  a  diligent,  but  fruitless,  search 
for  the  meteoric  stone,  which  is  mentioned  to  have  fallen  at  Egos- 
potamos  in  the  Parian  Chronicle  and  in  Pliny.  From  Constanti- 
nople he  went  to  Smyrna,  where  he  passed  the  winter ;  and  from 
thence  to  Tabriz  in  Persia ;  from  both  which  places  he  wrote 
several  very  interesting  letters  to  Mr.  Tennant.  In  one  of  tliese  he 
mentions,  that  in  passing  through  Armenia  he  had  satisfied  himself 
by  mineralogical  observations  which  he  had  made,  that  a  consider- 
able tract  of  that  country,  including  Mount  Ararat,  is  of  volcanic 
origin.  He  likewise  ascertained,  by  measuring  the  temperature  of 
boiling  water,  (at  the  suggestion  of  Mr.  Tennant)  that  the  city  of 
Arzroum,  the  capital  of  Armenia,  is  JOOO  feet  above  the  level  of 
the  sea. 

Most  unfortunately  for  the  cause  of  scientific  discovery,  Mr. 
Browne  perished  afterwards  (as  is  well  known)  by  the  hands  of 
Banditti,  near  the  river  Kizzil  Ozan,  east  of  Tabriz.  Previously 
to  bis  leaving  England,  when  be  was  setting  out  on  this  journey,  he 
had  made  his  will,  by  which  he  named  Mr.  Tennant  one  of  the 
executors,  and  left  him  a  considerable  bequest.  On  opening  the 
packet  in  vvhich  the  will  was  enclosed,  a  paper  was  found  in  Mr, 
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Browne's  hand-writing,  containing  a  characteristic  and  remarkable 
passage  from  one  of  Pindar's  Odes,  highly  expressive  of  that  gene- 
rous ambition,  and  contempt  of  danger  and  death,  whicli  are  the 
true  inspiring  principles  of  such  enterprizes.*  Till  he  saw  this 
paper,  Mr.  Tennant,  notwithstanding  his  long  intimacy,  had  never 
been  fully  aware  of  the  real  force  or  his  friend's  character,  and  of 
the  powerful  and  deep  feelings  which  his  cold  manners  and  habitual 
reserve  had  effectually  concealed  from  observation,  f 


It  was  before  stated  that  Mr.  Tennant's  health  had  been  gradually 
declining.  His  frame  was  naturally  feeble;  and  during  tlie  latter 
years  of  his  life,  though  he  was  seldom  materially  indisposed, 
he  was  scarcely  ever  entirely  well.  Almost  always  on  going  to 
bed  he  had  a  certain  degree  of  fever,  and  was  often  obliged 
to  get  up  in  the  middle  of  the  night,  and  to  obtain  relief  by 
exposure  to  the  cool  air.  To  preserve  himself  in  any  degree 
of  bodily  vigour,  he  was  under  the  necessity  of  using  daily 
exercise  on  horseback  ;  a  practice  which,  though  he  complained  of 
as  a  serious  encroachment  on  his  time,  he  hardly  ever  omitted  in 
the  severest  weatlier.  His  long  joiirnies  into  various. parts  of  Eng-* 
Jand  and  Ireland  were  usually  performed  in  this  manner, 

*  The  following  is  the  passage  alluded  to  : — 

va;  livciAKiv  a  (pa- 
ra >iCiyj'cu.vit,     Qcn/iii  a^'oiViV  uvi'/xx^ 

f/  t  /  t        f 

Pindari  Olymp.  Carm.  1,  v.  1-29, 

In  the  paths  of  dangerous  fame 

Trembling  cowards  never  tread  ; 
Yet  since  all  of  mortal  frame 

-Must  be  luimber'd  with  the  dead, 
Who  in  dark  inglorious  s!iade 

Would  hij  useless  life  consume, 
And  with  deedless  years  decay'd 

Sink  unhonour'il  to  the  tomb  ? 
J  that  shameful  l.-it  disdain, 

J  this  doubtful  iist  will  prove. — 

IVtiit's  Pindar. 

f  It  may  he  worth  mentioning,  (hat  Mr.  Tennant  always  l:imcnted,  after  he 
bccanie  acquainted  with  Mr.  Browne's  learning  and  talents,  that  his  intimacy  with 
him  hail  not  conimenred  before  the  publication  of  his  African  Travels.  In  pre- 
paring  iha(  work  for  tlie  ])res?,  Mr.  P.roivne,  from  ati  unreasonable  distrust  of  his 
own  powers,  had  thought  it  necessary  to  have  reccurse  to  litirary  assist.iiiee  ;  but 
■was  not  hap|)y  in  his  compiler.  Neither  the  style  of  the  Travels,  nor  the  tone  in 
which  they  are  composed,  is  such  as  to  do  any  justice  to  the  important  informa- 
tion wliich  they  contain,  or  to  the  character  and  merits  of  the  distinguished  tra> 
•»«llcr  whose  name  they  bear. 

G 
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In  the  summer  of  1809,  as  he  was  riding  to  Brighthelmston,  he 
met  with  a  serious  accident,  by  which  his  collar  bone  was  broken. 
He  was  removed  to  the  house  of  his  fiiend  Mr.  Howard,  in  the 
neighbourhood  of  London,  where  he  was  treated  with  the  most 
affectionate  kindness,  and  remained  till  his  complete  recovery. 

During  the  early  period  of  his  residence  in  London,  Mr.  Ten- 
nant  had  led  rather  a  retired  life ;  but  in  his  n)oie  advanced  years 
he  went  much  more  into  the  world,  and  cultivated  general  bociety. 
He  had  a  particular  pleasure  in  conversing  with  intelligent  travellers 
newly  returned  from  distant  countries,  or  in  suggesting  rational  ob- 
jects of  inquiry  to  such  as  were  about  to  visit  them.  As  an  instance  of 
the  latter,  it  may  be  mentioned,  that  he  was  at  considerable  pains  in 
instructing  M.  Burchardt,  a  gentleman  sent  out  by  the  African  Asso- 
ciation to  explore  the  interior  of  that  continent,  in  the  principles  of 
mineralogy.  He  frequently  gave  small  morning  parties  at  his  cham- 
bers in  the  Temple,  wliich  he  rendered  very  amusing  to  his  friends 
by  the  exhibition  of  interesting  prints  and  drawings,  of  rare  specimens 
and  new  substances  in  chemistry,  or  of  other  objects  calculated  to 
gratify  an  intelligent  and  well-directed  curiosity.  It  happened  iu 
the  spring  of  1S12  that  he  had  engaged  to  shew  his  mineralogical 
collection  to  a  large  party  of  his  acquaintance,  with  a  view  of  ex- 
plaining to  them  the  nature  of  some  of  the  principal  substances,  and 
of  giving  them  some  general  ideas  of  mineralogy.  His  intention  being 
known,  several  others  of  his  friends  requested  permission  to  be  pre- 
sent ;  and  he  was  gradually  induced  to  extend  his  original  plan,  and 
to  give  a  few  lectures  on  the  general  outlines  of  mineralogical  che- 
mistry. The  undertaking  was  somewhat  arduous,  considering  the 
expectations  which  his  high  character  was  likely  to  excite,  his  total 
inexperience  as  a  lecturer,  and  the  difficulty  of  adapting  himself  to 
so  mixed  an  audience ;  which,  though  consisting  principally  of 
females,  included  many  individuals  distinguished  for  science  and 
literature.  It  was  attended,  however,  with  complete  success.  Of 
Fontenelle,  the  first  of  those  writers  who  have  given  a  popular  and 
engaging  form  to  the  lessons  of  philosophy,  it  is  said  by  Voltaire  : — 

"  L'igaorant  I'entendit,  le  savant  radmira." 

This  praise  was  strictly  applicable  to  Mr.  Tennant.  The  great 
clearness  and  facility  of  his  statements,  the  variety  and  happiness  of 
his  illustrations,  and  the  comprehensive  philosophical  views  which 
he  displayed,  were  alike  gratifying  to  every  part  of  his  audience. 
He  delivered  about  four  lectures,  each  of  which  was  of  great 
length;  yet  the  interest  of  his  hearers  was  never  in  the  least  sus- 
pended. Though  his  style  and  manner  of  speaking  were  raised 
only  in  a  slight  degree  above  the  tone  of  familiar  conversation,  their 
attention  was  perpetually  kept 'alive  by  the  spirit  and  variety  with 
which  every  topic  was  discussed,  by  anecdotes  and  quotations  hap- 
pily introduced,  by  the  ornaments  of  a  powerful,  but  chastised, 
imagination ;  and,  above  all,  by  a  peculiar  vein  of  pleasantry,  at 
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once  original  and  delicate,  with  which  he  could  animate  and  em- 
bellisli  the  most  unpromising  subjects. 

Tlie  delivery  of  these  lectures  may  be  considered  by  some  persons 
as  a  very  trifling  occurrence  in  the  life  of  a  man  of  science ;  but 
the  writer  has  thought  it  well  worthy  of  a  place  in  the  present  nar- 
rative, not  only  as  affording  a  new  proof  of  the  extent  and  variety 
of  Mr.  Tennant's  powers,  but  because  it  exemplifies  in  a  very 
pleasing  manner  one  of  the  striking  and  amiable  peculiarities  of  his 
character.  As  he  had  a  remarkably  clear  perception  of  the  most 
refined  scientific  truths,  so  he  possessed  a  power  of  explaining  and 
illustrating  sucii  sulijects,  which  might  justly  be  deemed  unrivalled. 
Witliout  any  ostentation  pf  learning,  be  had  a  peculiar  delight  in 
communicating  knowledge  to  others ;  but  especially,  in  unfold- 
ing the  principles  of  science  to  young  persons,  capable  and  de- 
sirous of  receiving  such  information  ;  and  he  partook  with  the  most 
lively  scnsibihty  in  the  emotions  of  curiosity,  pleasure,  and  sur- 
prise, which  his  lessons  seldom  failed  to  insjiire.  He  entirely  dif- 
fered from  those  who  condemn  as  trifling  and  superficial,  that  in- 
creasing taste  for  scientific  knowledge  in  the  higher  and  more 
opulent  classes,  to  which  many  circumstances  have  lately  contri- 
buted. He  considered  the  diffusion  of  this  taste  among  the  young, 
the  idle,  and  the  wealthy,  though  liable  in  some  cases  to  degenerate 
into  affectation,  as  being  in  its  general  effects  higlily  beneficial ; 
both  by  affording  to  an  important  class  of  society  additional  sources 
of  intellectual  pleasure  and  new  objects  of  rational  pursuit;  and 
indirectly,  by  obtaining  for  science  and  its  professors  a  greater 
degree  of  public  consideration  and  respect  than  they  have  enjoyed 
in  any  former  age. 

In  the  spring  of  the  year  ISlo  Mr.  Tennant  delivered  before 
the  Geological  Society  a  lecture  on  the  principles  of  mineralogy. 
After  taking  an  historical  view  of  the  subject,  and  pointing  out 
the  merits  and  defects  of  the  principal  writers  by  whom  it  had 
been  systematically  treated,  he  took  an  enlarged  vievi'  of  the 
science,  regarding  it  as  that  branch  of  chemistry  which  treats  of 
the  definite  compounds  that  are  found  native  in  the  mineral  king- 
dom, and  whose  crystalline  forms  and  other  properties  are  to  be 
studied  and  described  in  the  same  manner  as  those  of  any  other 
chemical  substance.  He  then  noticed  several  artificial  productions 
which  are  analogous  to  those  of  Nature ;  and  amongst  the  rest  a 
silicate  of  copper,  which  he  had  formed  by  adding  a  solution  of 
that  metal  to  an  acidified  liquor  silicum,  which  he  conceived  might 
perhaps  be  identical  with  the  Siberian  mineral  called  Dioptase. 

Mr.  T.  had  communicated  to  the  Geological  Society  some  time 
previously  (in  tlie  year  1811)  the  result  of  his  investigation  of  the 
native  boracic  acid,  which  he  had  discovered  in  a  collection  of  vol- 
canic substances  from  the  Lipari  Isles,  and  which  has  since  been 
found  in  the  island  Volcano  by  Dr.  Holland.  This  communication 
was  published  in  the  first  volume  of  the  Transactions  of  tiie  Geolo- 
gical Society. 
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In  the  year  1 813,  a  vacancy  happening  i-n  the  Chemical  Professor- 
ship at  Cambridge,  he  was  urged  l)y  some  of  his  friends  resident  in 
the  University  to  become  a  candidate  for  that  appointment.  He 
was  induced  to  accede  to  their  solicitations,  principally  from  think- 
ing that  the  duty  of  delivering  an  annual  course  of  lectures  would 
furnish  him  with  a  motive  of  useful  and  honourable  exertion.  For 
a  short  time  after  he  had  declared  himself,  some  opposition  was 
apprehended  on  the  part  of  a  very  respectable  candidate  resident  in 
the  University;  and  during  this  period  the  exertions  which  were 
made  by  Mr.  Tennant's  friends,  and  the  assurances  of  support 
■which  he  received,  greatly  exceeded  what  had  ever  been  known  on 
any  similar  occasion.  The  opposition  being  withdrawn,  he  was 
elected  Professor  in  May,  1813. 

During  the  months  of  April  and  May  in  the  following  year  he 
delivered  his  first  and  only  course  of  academical  lectures,  which  was 
attended  by  a  very  numerous  class  of  students.  The  greater  part  of 
these  lectures  were  spoken  from  notes  containing  the  order  of  the 
subjects,  and  the  principal  heads  of  discussion.  But  the  intro- 
ductory lecture  was  written  at  length,  and  still  remains  in  manu- 
script. It  presents  a  rapid  and  masterly  outline  of  the  history  of 
chemistry,  interspersed  with  many  original  and  striking  remarks  on 
the  nature  of  the  science  itself,  on  its  extensive  application,  and 
prodigious  effects  in  promoting  the  civilization  of  mankind,  and 
on  the  merits  and  discoveries  of  some  of  its  most  distinguished 
professors  in  different  ages  and  countries. 

The  impression  made  by  these  lectures  will  not  soon  be  forgotten 
in  the  University  ;  and  it  is  impossible,  without  the  greatest  regret, 
to  consider  the  effects  which  a  continuance  of'  these  labours  during 
a  series  of  years  might  have  produced,  not  only  in  advancing  che- 
mical knowledge,  but  in  diffusing  a  general  love  of  philosophical 
research,  and  in  promoting  enlightened  and  comprehensive  views 
on  all  the  various  subjects  with  which  that  science  is  more  or  less 
immediately  connected. 

In  June,  1811,  his  two  last  communications  were  read  to  the 
Royal  Society  :  the  one  upon  an  easier  mode  of  procuring  potas- 
sium than  that  which  is  in  common  use  ;  and  the  other  on  the 
means  of  procuring  a  double  distillation  by  the  same  heat,  which 
has  been  more  than  once  alluded  to  in  the  course  of  this  memoir. 

The  great  variety  of  chemical  subjects  on  which  Mr.  Tennant  had 
been  at  different  times  engaged,  but  upon  which  his  expemments 
were  left  incomplete,  or  insufficiently  recorded,  has  been  already 
mentioned.  A  brief  notice  of  some  of  the  most  important  facts 
which  he  ascertained,  and  of  the  principal  series  of  experiments  to 
which  his  attention  was  directed,  would  form  an  interesting  part  of 
the  present  memoir;  but  this,  owing  to  various  causes,  and  espe- 
cially to  the  state  of  his  papers,  cannot  as  yet  be  attempted. 
Among  the  insulated  facts,  one  of  tlie  latest  was  the  making  sugar 
from  starch  witii  oxalic  acid,  in  the  same  manner  as  it  had  been 
jnade  by  M.  Kirclioff  with  oil  of  vitriol ;  and  the  last  chemical  in- 
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vestigation  to  wliich  lie  applied  himself  was  an  endeavour  to  ascer- 
tain from  whence  the  Iodine  found  in  several  marine  plants  is  de- 
rived. On  this  he  had  laboured  assiduously  during  the  spring  and 
summer  of  1S14  ;  and  early  in  September  in  that  year,  the  evening 
before  he  left  London,  lie  mentioned  to  a  friend  that  he  had  de- 
tected iodine  in  sea  water.  A  tarnishing  which  he  had  observed  in 
silver  leaf,*  led  him  to  promise  himself  a  successful  termination  of 
these  researches;  but  it  is  not  known  what  were  the  decisive  expe- 
riments by  which  he  had  succeeded  in  making  this  discovery,  f 


Mr,  Tennant  had  always  lamented  his  omission  to  visit  the  Con- 
tinent of  Europe  during  the  short  peace  of  1S02.  He  therefore 
took  an  early  opportunity,  after  the  general  pacification  of  1814,  of 
passing  over  to  France  ior  the  purpose  of  observing  those  changes 
which  the  eventful  period  of  the  last  twenty  years  has  produced, 
and  of  renewing  his  personal  communications  with  men  of  science 
at  Paris,  from  wiiich  he  had  been  so  long  debarred.  His  own  ex- 
perience had  taught  him  how  much  may  be  known,  which  has  not 
been  communicated  in  books.  In  this  respect  he  was  not  disap- 
pointed ;  for  in  one  of  his  letters,  written  a  short  time  before  he 
left  Paris,  he  mentioned  with  much  satisfaction  how  many  interest- 
ing facts  he  had  collected  which  would  enliven  his  Cambridge 
lectures. 

He  went  to  France  early  in  September,  1814;  and  the  following 
passage  of  a  letter,  in  wliich  he  relates  his  first  sensations,  may  be 
•worth  transcribing,  both  because  it  affords  somewhat  of  a  specimen 
of  his  general  manner,  and  may  perhaps  recall  to  the  recollection  of 
his  friends  several  of  his  favourite  topics  and  opinions.  "  After  a 
short  and  favourable  passage  of  three  hours  and  a  half,  we  got  into 
the  harbour  of  Calais,  with  its  immense  pier.  The  difference  of 
every  thing  struck  me  prodigiously.     1  felt  quite  intoxicated  with 


♦  The  same  test  for  iodine  in  iodic  salts  is  proposed  by  Sir  Humphry  Davy 
in  the  Philosophical  Transactions  for  1814. 

+  Amoiif:  (he  diflerent  series  of  experiments  alluded  to  in  this  memoir,  upon 
•which  Mr.  Tennant  had  been  engaired  at  various  periods  of  his  life,  but  which  he 
had  not  brought  te  a  completion,  the  following  may  deserve  to  be  mentioned  : — 

Researches  on  the  pigments  used  by  the  ancients. 

Experiments  made  with  a  view  to  improve  the  glass  employed  in  the  construc- 
tion of  achromatic  lenses. 

li.xpcrimenis  on  llie  refractive  powers  of  compound  bodies  compared  with  the 
refractive  powers  of  their  constituents. 

Mr.  Tennant  had  at  one  time  very  nearly  obtained  an  insight  into  the  wonderful 
class  of  phenomena  bi-loiiging  to  voluaic  electricity  ;  as  appears  from  the  following 
extract  from  an  old  nott'-book,  in  wliic!)  there  is  no  date;  but  Mr.  T.  always 
spoke  of  the  experiment  as  having  bein  made  many  years  since. 

"  If  a  piece  of  silver  or  gold  is  inniierseti  in  a  solution  of  vitriol  of  copper, 
and  the  silver  or  gold  is  touched  witli  iron  or  zinc,  the  copper  is  diffused  upon 
them  around  the  point  of  contact ;  upon  platina,  not  so  easily  ;  the  iron,  though 
very  near,  occasions  no  precipitate  upon  the  silver  or  gold  ;  but  if  iron  touches 
filver,  and  liilver  gold,  the  latter  gets  the  copper." 
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tlie  novelty  of  the  scenery,  the  abundance  of  the  country,  the 
bright  blue  sky  without  a  cloud,  and  the  broad  magnificent  roads, 
with  elms,  and  sometimes  fruit-trees,  on  each  side  for  fifty  miles.  I 
was  a  little  mortified  on  comparing  the  climate  with  our  own,  till  I 
observed  the  many  points  in  which  its  advantages  were  neglected  ; 
open  fields  ;  harvest  not  finished,  as  in  England ;  corn  full  of 
weeds  ;  and  oats  more  than  one-third  inferior  in  quality  to  my  own 
at  Mendip.  On  approaching  Paris,  the  vineyards  were  new  features 
of  this  superior  climate.  At  Paris,  what  strikes  one  most  is  the 
narrowness  of  the  streets  ;  along  which  as  I  passed  I  was  in  constant 
expectation  of  getting  out  of  the  eternal  narrow  lanes.  Now  I  am 
quite  reconciled  to  them. — The  backward  state  of  civilized  hfe  is 
more  apparent  here  than  in  the  country.  You  are  struck  with  the 
imperfection  of  every  thing,  and  the  mixture  of  dirt  and  meanness 
with  pomp  and  expence.  In  the  theatres,  (which,  however,  are 
quite  inferior  to  curs  in  size,  and  still  more  in  elegance,)  you  see  in 
the  passages  behind  the  boxes,  dirty  pavements  of  brick,  with  wide 
cracks ;  and  the  boxes  are  opened  by  a  few  old  women,  who  are 
employed  during  the  intervals  in  knitting  or  mending  stockings. 
The  women  are  such  as  might  be  taken  from  a  field  in  England, 
where  they  would  be  employed  in  weeding." 

During  his  stay  in  France,  Mr.  Tennant,  in  the  months  of 
October  and  November,  made  a  tour  into  the  southern  provinces, 
which  he  had  not  before  seen,  and  visited  Lyons,  Nismes,  Avignon, 
Marseilles,  and  Montpellier.  He  was  much  gratified  by  this 
journey,  during  which  he  made  many  interesting  remarks  on  the 
state  of  the  country,  paying  particular  attention  to  mineralogy  and 
agriculture.  In  his  letters  written  about  this  time  he  describes  in 
striking  terms  the  feelings  of  enjoyment,  which  lie  always  expe- 
rienced from  new  scenes  and  objects,  and  especially  from  viewing 
the  productions  of  Nature  in  southern  climates.  In  speaking  of  the 
range  of  mountains  from  whence  the  Saone  takes  its  rise,  he  says, 
*'  The  country  is  the  most  rich  and  picturesque  that  can  be  ima- 
gined ;  but  tlie  contrast  of  the  beggary  and  dirt  of  the  towns  and 
common  habitations  with  the  rich  vegetation  of  the  country  is 
universal,  with  the  exception  only  of  towns  of  the  first  rate.  I  am 
not  yet  sufficiently  at  home  in  the  political  economy  of  the  country 
to  say  on  what  this  depends.  In  part,  on  its  extreme  population. — 
After  passing  these  mountains^  a  new  world  appears,  marked  with 
the  characters  of  a  southern  climate.  The  race  of  people  is  different^ 
with  finer  skins  than  in  the  North.  The  country  women  wear  im- 
mense hats,  to  defend  them  from  the  sun  ;  and  the  houses  (there 
being  no  snow)  have  low  pitched  roofs,  like  those  in  Poussin  and 
Claude  Lorraine.  Nothing  can  be  more  beautiful  than  this  style  of 
building,  which  continues  to  the  Mediterranean. — Proceeding  south, 
vines  and  mulberries  chiefly  cover  the  ground  ;  and  following  the 
Saone,  its  mountainous  banks,  studded  with  country  houses,  almost 
buried  in  the  rich  vegetation  of  figs,  mulberries,  vines,  andpomegra- 
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nates,  exceed  all  anticipation.  Suppose  the  scenery  of  the  hot  wells  at 
Bristol  extended  50  miles,  with  a  broader  rapid  river,  higiier  moun- 
tains, under  a  glowing  climate,  and  thickly  set  with  white  cottages, 
intended  to  be  copied  by  a  painter.  Nothing  is  so  fine  as  the  situa- 
tion of  Lyons,  and  the  views  into  the  ])aradisiacal  valley  from  the 
mountains  on  each  side  of  the  town.  This  wonderful  scenery  con- 
tinues along  the  Rhone  by  Vienne  (from  whence  comes  the  Cote 
rotie  wine)  and  Tain  (from  whence  Hermitage)  till  you  arrive  in 
Provence,  where  the  olive,  a  new  production  of  the  southern  cli- 
mates, begins  to  make  its  appearance.  Through  this  rich  garden  or 
forest  you  come  to  the  calcareous  mountains,  which  on  their  sum- 
mits are  white  rocky  hills,  covered  with  wild  plants,  thyme,  rose- 
mary, lavender,  ilex,  quercus  coccifera,  and  innumerable  plants 
unknown  in  our  latitude,  but  which  1  hope  to  raise  in  England  next 
year,  to  renew  my  impressions  of  this  country.  These  mountains 
enclose  the  valley  of  that  wonderfully  situated  immense  town  of 
Marseilles,  As  you  descend,  the  Mediterranean  appears,  and  the 
great  city  with  its  endless  suburbs  in  the  hollow  vallies  sloping 
towards  the  sea.  *  *  *  *  It  ^/^^  -^yj^h  infinite  regret  that  I 
left  Marseilles;  if  I  could  stay  the  winter,  it  should  be  there. 
Avignon  is  pleasingly  situated;  Nismes  has  fine  antiquities;  Mont- 
pellier  is  in  a  rich  and  plentiful  country;  but  they  are  all  trUte  and 
dead  compared  with  Marseilles,  where  every  attraction  is  united." 

On  his  return  from  Montpellier  to  Paris,  he  writes,  while  stopping 
for  a  few  days  at  Lyons,  "  At  Montpellier  I  had  the  peculiar  advan- 
tage of  a  most  attentive  acquaintance  (M.  Berard),  who  is  one 
of  the  best  chemists  in  France.  The  country  affords  few  such  ;  but 
he  was  brought  up  at  the  feet  of  Berthollet,  who  gave  me  a  letter 
to  him.  He  succeeded  to  the  chemical  works  of  Chaptal,  which  are 
now  very  extensive,  and  carried  on  with  great  intelligence. — On  my 
return  I  visited  the  great  Roman  aqueduct  of  the  Pont  du  Card,  so 
striking  for  its  antiquity,  its  altitude,  its  solidity,  and  the  very 
romantic  situation  where  it  passes  over  the  valley  and  river.  Pont  St. 
Esprit  is  hardly  less  interesting,  being  of  such  immense  extent 
(more  than  half  a  mile),  and  the  lowest  bridge  on  the  Rhone,  It 
was  built,  not  by  the  Remans,  but  in  the  darkest  ages  by  the  powers 
of  superstition,  the  great  principle  of  energy  and  exertion  at  that 
period.  In  1265  the  offerings  to  the  convent  of  St.  Esprit  were 
sufficient  for  this  undertaking,  and  were  thus  applied  by  the  monks, 
with  honour  to  themselves,  and  with  great  advantage  to  a  remote 
posterity  ;  for  the  passage  over  it  is  immcrise  at  this  time. — I 
stopped  for  half  a  day  at  Tain,  from  whence  we  have  the  Hermitage 
wine.  Nothing  can  be  more  beautiful  than  the  gold  colour  of  the 
*  vine-covered  hills,'  nor  more  extraordinary  than  the  sand  or  gravel 
in  which  the  plant  grows.  There  is  not  a  particle  of  soil,  but 
merely  broken,  shnrp  fragments  of  granite,  chiefly  felspar,  per- 
fectly clean  ;  for  though  the  roots  of  the  vine  are  manured  once  a 
year,  this  totally  disappears.     The  gravel  soil  is  supported  by  walls. 
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From  the  top  are  seen  endless  mountains,  wliicli  border  on  the 
Rlione,  and  wliich  along  the  slopes  facing  the  south  are  yellow  with 
vines,  in  spite  of  the  extreme  barrenness  of  the  soil.  Such  moun- 
tains, which  are  here  among  the  most  valuable  parts  of  the  king- 
dom, would  not  in  England  be  worth  a  penny  an  acre. — From  this 
place  (Lyons)  we  rode  the  other  day  into  the  mountains  near 
Arbresle  to  see  a  new  copper-mine,  consisting  of  a  blue  carbonate; 
compared  vrith  which  the  specimens  from  Siberia  are  quite  insigni- 
ficant.    *     *     *     *" 

Mr.  Tennant  returned  to  Paris  during  the  month  of  November, 
and  was  to  have  returned  to  England  about  the  latter  end  of  the 
year.  But  he  continued  to  linger  on  till  February  following.  On 
the  1 5th  of  that  month  he  reached  Calais;  and  wrote  from  thence 
on  the  next  day,  to  account  for  his  long  delays;  which  had  been 
occasioned,  he  said,  *'  by  his  postponing  the  disagreeable  exertion 
of  setting  off,  added  to  the  severe  weather,  and  the  odious  view  of 
the  ocean,  of  which  he  had  so  great  a  honor,  that  it  darkened  the 
agreeable  prospect  of  meeting  his  friends  in  England." 

The  wind  then  blew  directly  into  Calais  harbour,  and  continued 
to  be  tmfavourable  for  several  days.  After  waiting  till  Monday,  the 
20lh,  lie  went  to  Boulogne,  in  company  with  Baron  Bulow,  a 
German  officer,  who  was  also  going  to  England,  in  order  to  take 
the  chance  of  a  better,  passage  from  that  port.  They  embarked  on 
board  a  vessel  on  the  morning  of  Feb.  22d;  but  the  wind  was  still 
adverse,  and  blew  so  violently  that  the  vessel  was  obliged  to  put 
back.  When  Mr.  Tennant  came  on  shore,  he  said,  "  that  it  was 
in  vain  to  struggle  against  the  elements,  and  that  he  was  not  yet 
tired  of  life." 

It  was  determined  that,  in  case  the  vtind  should  abate,  another 
trial  was  to  be  made  in  the  evening.  During  the  interval,  Mr. 
Tennant  proposed  to  the  Baron  that  they  should  hire  horses,  and 
take  a  ride.  They  rode  at  first  along  the  sea  side ;  but  on  Mr. 
Tennant's  suggestion,  they  went  afterwards  to  Buonaparte's  Pillar, 
which  stands  on  an  eminence  about  a  league  from  Boulogne,  and 
which,  having  been  to  see  it  the  day  before,  he  was  desirous  of 
shewing  to  Baron  Bulow. 

On  their  return  from  thence,  they  deviated  a  little  from  the  road, 
in  order  to  look  at  a  small  fort  near  the  pillar,  the  «ntrance  to  which 
was  over  a  Fosse  20  feet  deep.  On  the  side  towards  them  there  was 
a  standing  bridge  for  some  way,  till  it  joined  a  draw-bridge  which 
turned  upon  a  pivot.  The  end  next  to  the  fort  rested  on  the 
ground.  On  the  side  towards  them  it  was  usually  fastened  by  a 
bolt ;  but  the  bolt  had  been  stolen  about  a  fortnight  before,  and 
was  not  replaced. 

As  the  bridge  was  too  narrow  for  them  to  go  abreast,  the  Baron 
said  he  would  go  first,  and  attempted  to  ride  over  it.  But  per- 
ceiving that  it  was  beginning  to  sink,  he  made  an  effort  to  pass  the 
centre,  and  called  out  to  warn  his  companion  of  the  danger;  but  it 
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was  too  late — they  were  both  precipitated  into  the  trench.  The 
Baron,  though  much  stunned,  fortunately  escaped  without  any 
serious  hurt ;  but  on  recovering  his  senses,  and  looking  round  for 
Mr.  Tennant,  he  found  him  lying  under  his  horse,  nearly  lifeless. 

He  was  first  conveyed  to  a  cottage,  inhabited  by  the  person  who 
had  the  care  of  the  pillar;  and  medical  assistance  being  procured 
from  Boulogne,  it  was  found  that  his  skull  and  one  of  his  arms 
were  dreadfully  fractured,  and  that  there  was  no  hope  of  his  reco- 
very. He  was  taken,  however,  to  the  Civil  Hospital,  as  the  nearest 
and  most  convenient  place  to  receive  him.  After  a  short  interval, 
he  seemed  in  some  slight  degree  to  recover  his  senses,  and  made  an 
effort  to  speak,  but  without  effect,  and  died  within  an  hour. — His 
remains  were  interred  a  few  days  afterwards  in  the  public  Cemetary 
at  Boulogne,  being  attended  to  the  grave  by  most  of  the  English 
residents.  . 


Mr.  Tennant  was  tall  and  slender  in  his  person,  with  a  thin  face 
and  light  complexion.  His  appearance,  notwithstanding  some  sin- 
gularity of  manners,  and  great  negligence  of  dress,  was  on  the 
whole  striking  and  agreeable.  His  countenance  in  early  life  had 
been  singularly  engaging  ;  and  at  favourable  times,  when  he  was  in 
good  spirits  and  tolerable  health,  was  still  very  pleasing.  The 
general  cast  of  his  features  was  expressive,  and  bore  strong  marks 
of  intelligence;  and  several  persons  have  been  struck  with  a  general 
resemblance  in  his  countenance  to  the  well-known  portraits  of 
Locke. 

The  leading  parts  of  his  moral  and  intellectual  character  are 
apparent  in  the  principal  transactions  of  his  life.  But  in  this  me- 
morial, however  imperfect,  of  the  talents  and  virtues  of  so  extra- 
ordinary a  man,  some  attempt  must  be  made  to  delineate  those 
characteristic  peculiarities,  of  which  there  are  no  distinct  traces  in 
the  preceding  narrative. 

Of  his  intellectual  character,  the  distinguishing  and  fundamental 
principle  was  good  sense;  a  prompt  and  intuitive  perception  of 
truth,  both  upon  those  questions  in  which  certainty  is  attainable, 
and  those  which  must  be  determined  by  the  nicer  results  of  moral 
evidence.  In  quick  penetration,  united  with  soundness  and  accu- 
racy of  judgment,  he  was  perhaps  without  an  equal.  He  saw  im- 
mediately and  with  great  distinctness,  where  the  strength  of  an 
argument  lay,  and  upon  what  points  the  decision  was  ultiinately  to 
depend;  and  he  was  remarkable  for  the  faculty  of  stating  the  merits 
of  an  obscure  and  complicated  question  very  shortly,  and  with 
great  simplicity  and  precision.  The  calmness  and  temper,  as  well 
as  the  singular  perspicuity,  which  he  displayed  on  such  occasions, 
were  alike  admirable;  and  seldom  failed  to  convince  the  unpre- 
judiced, and  to  disconcert  or  silence  his  opponents. 

These  powers  of  understanding  were  so  generally  acknowledged, 
that  great  deference  was  paid  to  his  authoritv,  not  only  upon  ques- 
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tions  in  Science,  but  upon  most  others  of  general  interest  and  im- 
portance. What  Mr.  Tennant  thought  or  said  upon  such  subjects, 
nis  friends  were  always  anxious  to  ascertain  ;  and  his  opinions  had 
that  species  of  influence  over  a  numerous  class  of  society  which  is 
one  of  the  most  certain  proofs  of  superior  talents. 

Next  to  rectitude  of  understanding,  the  quality  by  which  he  was 
most  distinguished,  was  a  lofty  and  powerful  imagination.  From 
hence  resulted  a  great  expansion  of  mind,  and  sul)limity  of  con- 
ception ;  which,  being  united  with  deep  moral  feelings,  and  an 
ardent  zeal  for  the  happiness  and  improvement  of  mankind,  gave  a 
very  peculiar  and  original  character  to  his  conversation  in  his  inter- 
course With  familiar  friends.  He  partook  with  others  in  the  plea- 
sure derived  from  the  striking  sqenes  of  nature ;  but  was  more  par- 
ticularly affected  by  the  sight  or  contemplation  of  the  triumphs  of 
human  genius,  of  the  energies  of  intelligent  and  successful  in- 
dustry, of  the  diffusion  of  knowledge  and  civilization,  and  of  what- 
ever was  new  and  beautiful  in  art  or  science.  The  cheerful  activity 
of  a  populous  town,  the  improvements  in  the  steam-engine,  the 
great  Galvanic  experiments,  and,  above  all,  the  novelty  and  extent 
of  the  prospects  afforded  by  that  revolution  in  chemical  science 
which  has  illustrated  our  own  age  and  country — these  magnificent 
objects,  when  presented  to  Mr.  Tennant's  mind,  excited  in  him 
the  liveliest  emotions,  and  called  forth  the  most  animated  expres- 
sions of  admiration  and  delight. 

This  keen  sensibility  to  intellectual  pleasure  may  be  partly  under- 
stood, from  the  following  passage  of  a  letter  written  by  him  in  January 
1809,  to  an  intimate  friend  who  was  then  abroad.  After  mentioning 
the  great  phenomena  of  the  decomposition  of  the  alkalies  by  Voltaic 
electricity,  and  giving  a  general  view  of  the  experiments  founded 
upon  them,  he  thus  concludes  :  "  I  need  not  say  how  prodigious 
these  discoveries  are.  It  is  something  to  have  lived  to  know 
them." 

His  taste  in  literature  and  the  fine  arfs  partook,  in  a  considerable 
degree,  of  the  peculiar  character  of  his  imagination.  His  favourite 
writers  (those  whom  he  most  valued  for  the  eloquence  of  their  style) 
were  such  as  describe  "  high  actions  and  high  passions,"  and  have 
the  power  of  exciting  strong  and  deep  emotions.  Of  the  poets,  he 
principally  esteemed  Virgil,  Milton,  and  Gray;  and  the  prose 
writers  to  whom  he  gave  the  preference  for  powers  of  composition 
were  Pascal  and  Rousseau.  He  had  a  particular  admiration  of  the 
**  Pensees  de  Pascal,"  regarding  it  as  a  production  altogether  un- 
equalled in  energy  of  thought  and  language,  in  occasional  passages 
of  refined  and  deep  philosophy,  and,  above  all,  in  that  sublime 
melancholy,  which  he  considered  as  one  of  the  peculiar  character- 
istics of  great  genius. 

The  same  principles  governed  Mr.  Tennant's  judgments  in  the 
fine  arts.  Considering  it  as  their  proper  office  to  elevate  the  mind, 
and  to  excite  the  higher  and  nobler  passions,  he  estimated  the 
merits  of  the  great  masters  in  music  and  painting  by  their  power 
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of  inspiring  these  emotions  What  he  particularly  admired  in 
musical  compositions  was  that  tone  of  energy,  simplicity,  and  deep 
feehng,  of  which  the  works  of  Handel  and  Pergoiesi  afford  the 
finest  specimens.*  In  painting  he  awarded  the  superiority  to  those 
dtstmguislied  masters,  of  whom  Raphael  is  the  chief,  w  ho  excel  in 
the  poetical  expression  of  character,  and  in  the  power  of  rei  resent- 
ing with  spirit,  grace,  and  dignity,  the  most  exalted  sentiments 
and  affections. 

It  was  almost  a  necessary  consequence  of  his  intense  and  deep 
feehng  of  these  higher  beauties,  that  his  taste  was  somewhat  severe 
and  that  his  ideas  ol  excellence,  lioth  in  literature  and  the  fine  arts' 
were  confined  within  strict  limits.  He  totally  disregarded  medio- 
crity, and  gave  no  praise  to  those  inferior  degrees  of  merit,  from 
which  he  received  no  gratifi coition. 

In  consequence  principally  of  the  declining  state  of  his  health 
his  talents  for  conversation  were  perhaps  less  uniforn)Jy  conspicuous 
during  his  latter  years.  His  spirits  were  less  elastic,  and  he  was  more 
subject  to  absence  or  indifference  in  general  society.     But  his  mind 
had  lost  none  of  its  vigour  ;  and  he  never  failed, 'when  he  exerted 
himself,  to  display  his  peculiar  powers.    His  remarks  were  ori.'inal  • 
and  his  knowledge,  assisted  by  a  most  retentive  memory,  afforded 
a  perpetual  supply  of  ingenious  and  well-applied  illustration^      But 
the  quality  for  which  his  conversation  was  most  remarkable,  and 
from  which  It  derived  one  of  its  peculiar  chnrms,  was  a  .ins^ular 
cast  of  humour,  which,  as  it  was  of  a  gentle,  equable  kind,  and 
had  nothing  very  pointed  or  prominent,  is  hardly  capable  of  beine 
exemplified  or  described.     It  seldom  appeared  in  the  direct  shape 
of  what  may  be  called  pvre  humour,  but  was  so  much  blended 
citfier  with  wit,  fancy,  or  his  own  peculiar  character,  as  to  be  in 
many  respects  entirely  original.    It  did  not  consist  in  epigrammatic 
points,  or  brilliant  and  lively  sallies;  but  was  rather  displaved   in 
fanciful  trains  of  imagery,    in  natural,    but  ingenious  and"  unex- 
pected, turns  of  thought  and  expression,  and   in  amusing  anec- 
dotes, slightly  tinged  with  the  ludicrous.     The  effect  of  these  was 
much   heightened  by  a  perfect  gravity  of  countenance,  a  quiet 
tamihar  manner,  and  a  characteristic  beauty  and  simplicity  of  lan- 
guage.    This  unassuming  tone  of  easy  pleasantry  gave  a  very  pecu- 
liar and  characteristic  colouring  to  the  whole  of  his  conversation. 
It  mingled  itself  with  his  casual  remarks,  and  even  with  hi.  graver 
discussions.     It  had  little  reference  to  the  ordinary  topics  of  the 
day,  and  was  wholly  untinctuied  by  personality  or  sarcasm 

It  should  be  mentioned,  among  the  peculiarities  of  xMr.  Ten- 
nants   literary  taste,  that  in  common  perhaps  with  most  other 

•bl'  uL«I;T„'T"*''  ^"rZ'^^^'^T^^  *•''»  ^»»'J>«^t'  »"^  often  allHded  to  .-,  remark- 
able passage  in  Rous>,eaii's  Musical  Dictionary  (the  anirle"  G^me")  in  wh.rh  .h«f 

L  ZiZTf  .^""PP'-'-.-S,  considering  the  capacity  of  receiving  such'tmo    „„s 

At  LlTr    .'■""'  t  ""'"■-'  *^*''""^-     ^''■-  T-   wa.  ilso  accustomed  U>Z^^Vi 
AtiiBu  «  Treatise  on  Mimcal  iixpre.sion  in  terms  of  high  praise.  **»*•*  « 
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original  thinkers,  he  bestowed  little  attention  on  books  of  opinion 
or  thepry  ;  but  chiefly  confined  himself  to  such  as  abound  in  facts, 
and  afford  the  materials  for  speculation.  His  reading  for  many 
years  had  been  principally  directed  to  accounts  of  voyages  and 
travels,  especially  those  relating  to  Oriental  nations  ;  and  there  was 
no  book  of  this  description,  possessing  even  tolerable  merit,  with 
which  he  was  not  familiarly  conversant.  His  acquaintance  with 
such  works  had  supplied  him  with  a  great  fund  of  original  and 
curious  information,  which  he  employed  with  much  judgment  and 
ingenuity,  in  exemplifying  many  of  his  particular  opinions,  and 
illustrating  the  most  important  doctrines  in  the  philosophy  of  com- 
merce and  government. 

Of  his  leading  practical  opinions,  sufficient  intimations  have  been 
given  in  the  course  of  the  preceding  narrative.  They  were  of  a 
liberal  and  enlightened  cast,  and  such  as  might  be  expected  from 
the  character  of  his  genius  and  understanding.  Among  them  must 
be  particularly  mentioned  an  ardent,  but  rational,  zeal  for  civil 
liberty  ;  which  was  not,  in  him,  a  mere  effusion  of  generous  feeling, 
but  the  result  of  deep  reflection  and  enlarged  philosophic  views. 
His  attachment  to  the  general  principles  of  freedom  originated 
from  his  strong  conviction  of  their  influence  in  promoting  the 
wealth  and  happiness  of  nations.  A  due  regard  to  these  principles 
he  considered  as  the  only  solid  foundation  of  the  most  important 
blessings  of  social  lijfe,  and  as  the  peculiar  cause  of  that  distin- 
guished superiority,  which  our  own  country  so  happily  enjoys  among' 
the  nations  of  Europe. 

Of  his  moral  qualities,  it  is  scarcely  possible  to  speak  too  highly. 
He  described  himself  as  naturally  passionate  and  irascible,  and  as 
roused  to  indignation  by  any  act  of  oppression  or  wanton  exercise  of 
power.  The  latter  feeling  he  always  retained,  and  it  formed  a  dis- 
tinguishing feature  of  his  character.  Of  his  irritability,  a  few  traces 
might  occasionally  be  discovered ;  but  they  were  only  slight  afl4 
momentary.  His  virtuous  dispositions  appeared  on  every  occasion, 
and  in  every  form,  which  the  tranquil  and  retired  habits  of  his  life 
would  admit  of.  He  had  a  high  sense  of  honour  and  duty  ;  an(i 
was  remarkable  for  benevolence  and  kindness,  especially  towards  hia 
inferiors  and  dependents.  But  his  merits  were. most  conspicuous  iit 
the  intercourse  of-  social  life.  His  amiable  temper,  and  unaffectejj 
desire  of  giving  pleasure,  no  less  than  his  superior  knowledge  andE. 
talents,  had  rendered  him  highly  acceptable  to  a  numerous  and  disr 
tinguished  circle  of  society,  by  whom  he  was  justly  valued,  and.is: 
now  most  sincerely  lamented.  But  the  real  extent  of  his  private 
•worth,  the  genuine  simplicity  and  virtuous  independence  of  his  cha- 
racter, and  the  sincerity,  warmth,  and  constancy  of  his  friendship, 
can  only  be  felt  and  estimated  by  those,  to  whom  he  was  long  and 
intimately  known,  and  to  whom  the  recollection  of  his  talents  and' 
virtues  must  always  remain  a  pleasing,  though  melancholy,  bond  of 
upipn.. 
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Article  II. 


Observaliom  on  Crystallization.     By  John  Redman  Coxe,  M.  D. 
Professor  of  Chemistry,  Philadelphia. 

The  efticacy  of  temperature  in  augmenting  the  solvent  power  of 
liquids  is  laid  down  by  most  chemical  writers.  This  is  more  espe- 
cially the  case  with  the  class  of  salts ;  to  which,  however,  some 
exceptions  occur,  as  in  muriate  of  soda,  which  is  nearly  equally 
soluble  in  boiling  water,  and  in  water  at  the  common  atmospheric 
temperature.  There  is,  nevertheless,  something  as  yet  not  well 
understood,  that  appears  to  me  operative  in  such  cases,  independent 
entirely  of  temperature,  even  in  the  instances  of  our  most  soluble 
salts,  as  Glauber's,  or  the  sulphate  of  soda  and  some  others. 

It  is  almost  universally  asserted  by  authors  on  the  subject,  that 
atmospheric  pressure  is  essential  to  the  crystallization  of  salts ;  and 
the  proof  advanced  is,  that  if  a  phial,  nearly  filled  with  a  loilincf 
saturated  solution  of  Glauber's  salt,  be  closely  corked  whilst  filled 
with  vapour,  so  as  to  exclude  the  atmospheric  pressure ;  this  solu- 
tion will  remain,  even  when  cold,  perfectly  fluid,  and  may  be 
shaken  without  becoming  solid  :  but  if  the  cork  be  withdrawn,  the 
sudden  impulse,  from  the  air  rushing  into  the  phial,  immediately 
induces  the  crystallization  of  the  mass,  with  a  sensible  evolution  of 
heat. 

Now  this  beautiful  and  interesting  experiment,  which  is  usually 
shown  in  every  course  of  chemical  lectures,  certainly  at  first  sight 
appears  to  prove  the  position  advanced.  There  are,  however,  nu- 
merous objections  to  its  truth  ;  yet  so  numerous  are  the  anomalies 
that  present  themselves  in  experimenting  upon  this  subject,  that  I 
am  unable  to  form  any  theory  or  speculation  on  their  causes. 

1.  If  ihe.above  position  were  true,  then  certainly,  by  a  parity  of 
reasoning,  we  should  expect  every  other  saline  solution,  in  which  a 
Iwilmg  heat  is  employed  to  promote  its  fullest  state  of  saturation,  to 
be  affected  m  a  similar  way  -,  but  this  is  not  the  case  as  far  as  I  have 
tried  It.  Nitrate  of  potash  and  muriate  of  ammonia,  both  nearly 
as  soluble  as  Glauber's  salt,  tvhen  secured  from  atmospheric  pres- 
sure, by  corkmg  the  phial,  or  tying  a  bladder  over  the  mouth,  pre- 
cipitate m  regular  crystals  as  the  solution  cools.  This  fact  alone  is 
sufficient  to  overturn  the  theory  advanced  to  explain  the  case  stated 
of  the  Glauber's  salt; — but, 

2.  A  perfectly  saturated  solution  of  Glauber's  salt,  thus  carefully 
corked  at  a  boiling  heat,  has  repeatedly  crystallized  throuehout, 
ivitliout  any  exposure  to  the  atmosplieric  pressure;  whilst  a  solution 
of  equal  strength,  and  prepared  and  secured  in  every  respect  as  the 
former,  has,  whilst  standing  beside  it,  remained  perfectly  fluid. 

3.  Saturated  solutions  of  salts  as  above,  uncorked,  evince  the  - 
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same  results.  I  have  kept  some  vessels  thus  exposed  to  the  full 
atmospheric  pressure  for  three  days,  without  any  consolidation;  and 
others,  during  all  (he  intermediate  periods,  with  similar  results. 
Sometimes  one  or  more  will  crystallize,  whil<t  others  continue  fluid. 
r  have  made  these  experiments  in  phials  holding  from  two  drachms 
to  J  6  ounces  ;  in  receivers  of  a  globular  and  oval  shape,  from  half 
a  pint  to  half  a  gallon  ;  some  with  short,  and  others  with  long 
•necks;  and  in  open  gla«s  jars  of  one  to  two  inches  diameter,  and 
eight  or  nine  long ;  so  that  tlie^brw  of  the  vessel  in  no  way  appears 
to  influence  the  result.  Nor  has  the  quantity  of  solution  iti  the 
vessel  any  influence,  since  it  is  the  same  when  filled  to  the  top,  or 
when  only  filled  to  one-fourth  or  one-fifth  part.  The  result  was  the 
same  when  I  employed  the  common  Glauber's  salts  of  the  shops, 
the  native^  or  the  artificial,  made  by  the  direct  combination  of  the 
constituenls.  In  one  experiment  made  with  the  artificial  sulphate 
I  filled  three  equal  phials,  two  were  closely  corked,  the  third  re- 
mained open,  and  all  were  placed  beside  each  other  to  cool.  In 
four  hours  one  of  the  corked  solutions  was  regularly  crystallized  in 
solid  transparent  crystals,  one-fifth  only  of  the  mass  being  in  a  liquid 
state,  which  did  not  cotisolidate  by  shaking,  or  by  withdrawing  the 
cork.  'J'he  contents  of  the  other  corked,  and  of  the  uncorked  phial, 
both  continued  fluid ;  and  both  became  solid  by  shaking,  without 
withdrawing  the  cork  of  the  closed  one. 

4.  Solutions  as  above,  after  remaining  exposed,  have  even  not 
crystallized  when  briskly  shaken,  and  some  time  afterwards  without 
any  apparent  cause,  have  a-^sumed  the  solid  form. 

5.  Solutions  as  above,  and  closely  secured,  have  fiiiled  to  become 
solid,  when  the  cork  has  been  drawn,  or  the  bladder  punctured,  for 
some  moments,  and  even  minutes ;  and  in  a  few  cases  when  even 
agitation  was  employed  in  addition :  and  these,  in  like  manner, 
when  least  expected,  have  suddenly  crystallized. 

6.  Solutions  as  above,  both  corked  and  uncorked,  have  gradually 
deposited  regular  Irampnrent  jirm  crystals,*  in  some  instances  two 
inches  in  length  ;  in  others,  in  irregular  masses,  at  the  bottom  of 
the  vessel — the  fluid  above,  in  these  cases,  continuing  clear  and 
saturated  j  and  when  shaken,  sometimes  consolidating  in  the  usual 
way. 

7.  Solutions  as  above,  both  corked  and  uncorked,  after  thus  depo- 
siting these  res.ul.ur  crystals  at  the  bottom,  have,  without  an  appa- 
rent cause,  become  consolidated  above  them,  whilst  remaining 
untouched. 

8.  Solutions  as  above  (especially  in  a  mattrass  with  a  neck  nearly 
two  feet  long),  have,  after  considerable  exposure  and  frequent  agita- 
tion, refused  10  crystallize,  eveti  although  continued  at  intervals  for 

•  The  crystals  which  form  suddenly  in  these  solutions  are  alwaj'S  of  a  soft, 
spongy,  "ilk.,  sir^aied,  appi^arance ;  and  do  not  exhibit  the  firm,  transyarcnt, 
gla:>sy,  appearance  qf  the  common  crystals  of  filauber's  salt. 
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naore  than  an  hour;  yet  by  then  turning  the  vessel,  so  as  to  pour 
out  a  h'ttle  from  the  neck,  the  crystallization  has  immediately  oc- 
curred, 

J>.  The  same  solution  in  the  mattrass  above  mentioned  has  fre- 
quently become  completely  crystallized  when  left  uncorked ;  at 
other  times  a  large  mass,  equal  to  half  the  volume  of  the  solution, 
has  crvstallized  regularly,  in  hard  transparent  crystals,  the  remainder 
of  the  >olution  continuing  fluid. 

10.  t>aturated  mixed  solutions  of  nitre  and  Glauber's  salt,  corked 
closelv,  have  allowed  the  nitre  to  crystallize  regularly  at  the  bottom; 
whilst  the  Glauber's  salt  remained  fluid,  and  on  drawing  the  cork 
became  solid  it)  the  usual  way. 

11.  Solutions,  by  720  means  w^OTo^ec?,  evince  similar  results  with 
the  above  fully  saturated  ones,  although  not  in  so  strongly  marked  a 
manner. 

12.  One  of  the  most  singular  and  interesting  facts  connected  with 
these  experiments  is,  that  in  those  cases  in  which  {eitker  in  the 
corked  or  uncorked  solutions)  regular,  firm,  transparent  crystals 
form,  so  soon  as  the  residuary  saturated  solution  above  them  solidi- 
fies, either  spontaneously,  or  by  shaking,  drawing  the  cork,  &c.  an 
immediate  (or  nearly  so)  opalescence,  or  loss  of  transparency,  ensues 
in  \\\o%e  first  formed  crystals,  which  gradually  increases  to  a  beau- 
tiful porcelainous  whiteness.  This  1  have  almost  invaiiably  noticed 
Tinder  the  above  circums-tances :  1  believe  it  arises  from  the  gradual 
abstraction  of  the  water  of  crystallization  of  the  first  formed  regular 
crystals,  by  the  mass  of  secondary  crystals ;  for  in  one  experiment 
made,  1  found  the  porcelainous  mass,  when  dissolved  in  water,  and 
regularly  recrystallized,  aflbrded  a  quantity  of  transparent  crystals, 
superior  in  weight  to  those  I  employed,  whicli  could  only  arise  from 
their  re-obtaining  their  thus  lost  water  of  ciystallization.  How  the 
secondary  crystals  operate  in  withdrawing  this  water  from  the  first, 
I  cannot  form  the  most  distant  idea. 

13.  In  those  solutions  in  which  spontaneous  crystals  have  formed, 
in  the  course  of  a  few  days,  if  the  secondary  crystallization  does  not 
take  place,  a  complete  truncation  of  the  summits  of  the  crystals 
occurs,  gradually  forming  a  level  of  the  whole,  as  in  common 
cases ;  yet  in  several  instances  the  solution  above  was  sufficiently 
saturated  to  consolidate  when  shaken. 

14.  In  one  experiment  two  equal  sized  phials  were  filled  to  the 
top  with  saturated  solutions;  one  was  corked,  the  other  was  left 
open  :  in  two  hours  the  uncorked  one  had  consolidated;  the  other 
was  observed  to  have  contracted  above  one-fouith  of  an  inch,  and 
continued  fluid ;  it  crystallized,  however,  as  usual,  when  briskly 
shaken,  without  withdrawing  the  cork. 

It  should  perhaps  be  mentioned,  that  this  sudden  crystallization 
always  commences  at  the  surface. 

1  have  put  the  solutions,  both  corked  and  uncorked,  into  cold 
water,  as  soon  as  made,  in  order  to  expedite  their  cooling,  and 
have  found  the  same  results  generally  as  'vhen  suffered  to  cool  gra- 
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dually.  The  solution  in  open  phials  has  sometitnes  cooled  down  tp 
the  temperature  of  the  cold  water  (about  40°),  and  has  then  re- 
mained fluid  in  it  for  two  or  three  hours;  it  has  then  sometimes 
crystallized  in  the  soft  spongy  massj  at  others  in  firm^  well  formed 
regular  crystals. 

15.  Four  or  five  phials  have  burst  in  which  spontaneous  regular 
crystals  had  formed,  and  over  which  subsequently  a  sudden  consoli- 
dation of  the  residuary  solution  had  taken  place,  after  the  change 
of  colour  was  effected  in  the  first  crystals  (as  mentioned  in  No.  12), 
but  whether  from  an  expansion  in  the  first  or  second  crystals,  I 
know  not,  as  1  was  never  present  when  this  occurred.  *  I  have 
never  seen  this  fracture  of  t|ie  phial  when  only  the  regular  crystals 
had  formed,  nor  when  only  the  spontaneous  solidification  took 
place.  It  is  probably,  therefore,  somehow  connected  with  the  ab- 
straction of  the  water  of  crystallization  from  the  regular  by  the 
spontaneous  spongy  mass.  In  the  above  instances  the  crystals  which 
had  formed  regularly  were  perfectly  white,  and  were  readily  sepa- 
rated from  the  superior  spongy  ones  by  a  little  water  gently  poured 
over  them,  leaving  them  of  the  most  perfect  regularity,  and  forming 
a  beautiful  white  crystalline  preparation  easily  preserved,  and  not 
efilorescent,  as  in  common  cases. 

In  all  the  cases  thus  enumerated,  such  are  the  anomalies  pre- 
sented as  to  prevent  my  drawing  one  conclusion  from  them  which 
could  give  me  any  insight  into  the  causes  that  produce  them.  In 
some  cases  atmospheric  pressure  seems  to  operate,  in  others  not ; 
agitation  sometimes,  but  not  invariably.  The  whole  series  of  ex- 
periments is  so  interesting,  I  trust  this  account  may  lead  to  further 
investigation,  which  may  finally  afford  an  explanation,  and  possibly 
lead  to  nev/  views  on  the  subject  of  crystallization  generally.  1  can 
only  add,  that  I  never  could  promise  myself,  a  priori,  that  any  one 
case  should  certainly  turn  out  as  I  expected  ;  it  appeared  a  matter 
of  chance  in  a  great  degree,  whether  this  or  the  other  result  should 
ensue,  f 

•  I  apprehend  it  must  occur  during  the  abstraction  of  the  water  of  crystalliza- 
tion from  the  primary  by  the  secondary  crystals,  which  must  be  accompanied  by  a 
correspondent  expansion. 

+  In  speaking  of  the  effect  of  atmospheric  pressure  on  saturated  solutions  of 
salts,  Dr.  Hig;gins  details  an  experiment  which  he  made  in  a  narrow-necked  glass 
mattrass  of  three  gallons  dimensions.  \t  was  fixed  in  a  vessel  filled  with  a  satu- 
rated solution  of  sea  salt:  a  solution  of  144  oz.  of  Glauber's  salts  in  96  oz.  of 
•water,  in  a  separate  vessel,  was  filtered  into  the  mattrass,  which  was  filled  two- 
Ihirds  by  it,  and  the  whole  was  made  to  boil  so  as  to  exclude  the  air  by  the  vapour 
formed.  A  strip  of  wet  liladder  secured  the  mouth  of  the  mattrass,  and  sustained 
the  atmospheric  pressure. 

Two  maUrasses  were  thus  prepared :  they  stood  three  days  at  a  temperature  be- 
tween 40°  and  50°,  and  were  often  shaken  without  cryslallizin;; ;  as  soon  as  the 
bladder  was  cut  a  few  small  concentric  spicular  crystals  formed,  and  shot  rapidly 
through  the  liquor  till  it  was  almost  solid  :  the  caloric  evolved,  raised  the  tempera- 
ture from  60°  to  90°,  and  in  one  experiment  from  40°  to  90°. 

From  this  experiment  connected   with  those  above  detailed,  as  also  from  many 

,   well-known  facts,  1  am  impelled  to  deny  the  perfection  of  Dr.  Black's  celebrated 

theory  of  latent  beat.     It  will  be  observed  that  boiliog  saturated  solutions  qf 


J015.]  On  Cryslallization.  "^  105 

I  have  tried  similar  experiments  with  other  salts,  of  which  I 
shall  barely  state  the  ontlines.  >j 

1.  Sulphate  of  Magnesia. — Boiling  saturated  solutions  of  this 
salt,  corked  and  uncorked,  like  the  before-mentioned  ones,  some- 
times crystallize,  and  sometimes  continue  fluid,  I  have  never  ob- 
served the  beautiful  satin-like  crystallization  perceptible  in  the  sul- 
phate of  soda;  but  the  crystals  fall  down  in  minute  grains,  like  sand, 
diflFused  through  the  solution,  gradually  sinking  to  the  bottom. 

2.  Alum,  as  above. — Crystals  formed  at  the  bottom;  the  re- 
mainder continued  fluid,  even  when  shaken  ;  when  the  cork  was 
withdrawn,  shaking  produced  no  effect  for  nearly  a  minute,  when 
the  same  sand-like  precipitation  ensued,  commencing  from  the  top. 
When  this  ceased,  it  appeared  nearly  solid ;  but  by  standing  for  24 
hours,  more  than  one-half  was  fluid. 

3.  Sulphate  of  Iron  exhibited  an  appearance  nearly  similar  to 
that  of  alum. 

4.  Sulphate  of  Copper. — The  same,  with  some  occasional  varia- 
tion, even  in  the  same  solution. 

5.  Sulphate  of  Zinc  remained  fluid  for  24  hours,  although  a 
boiling  saturated  solution  was  employed,  and  frequent  agitation. 

6.  Suhcarhonate  of  Soda  (sal  sodie)  boiling  and  saturated.  In  one 
case  {corked)  it  became  nearly  solid  when  cold,  from  the  spontane- 
ous crystallization.  The  same  solution  subsequently  depositedj 
whilst  corked,  a  smaller  quantity  of  spontaneous  crystals  ;  and  after 
drawing  the  cork  and  shaking,  small  granular  crystals  speedily 
clouded  the  solution.     The  same  resulted  in  uncorked  solutions. 

7.  Muriate  of  Lime,  saturated  and  boiling,  crystallized,  when 
corked,  completely  throughout :  subsequently,  dissolved  by  heat 
again,  and  corked,  it  remained  fluid,  iintil  shaken  without  uncorking, 
when  a  crystallization  as  beautiful,  and  nearly  resembling  that  of 
sulphate  of  soda,  took  place,  with  an  extrication  of  more  caloric 
than  in  any  of  the  preceding  cases, 

8.  Muriate  of  Ammonia,  corked  and  uncorked;  boiling  saturated 
solutions  became  solid  as  they  cooled,  with  a  firm  crystallization. 

9.  Nitre  deposits  regular  crystals  at  the  bottom,  both  in  corked 
and  uncorked  phials ;  but  1  never  perceived  any  further  result,  ex- 
cept by  the  slow  evaporation  of  the  fluid. 

I  have  tried  a  number  of  other  salts,  but  the  results  are  not  worth 

Glauber's  salts  have  repeatedly  refused  to  crysfallize,  even  when  exposed  to  (he. 
full  pressure  of  tljcair,  an-l  that  for  days.  Now  il  is  to  be  remeinbeied  that  such 
iolutiuns  had  cuuled  from  at  least  21-*^  (o  near  the  freeKing  point,  and  yet  were 
enabled  to  hold  that  portion  of  salt  in  solution,  which  out  theurits  presume  to  de- 
pend on  the  additional  lei;!peral>ire.  What  was  it  that  thus  enabled  the  water  to 
maintain  its  fluidity  and  transparency,  although  charged  with  such  a  quantity  of 
solid  matter,  in  oppo'-ilion  to  atii-.ospheric  pressure  and  a  diminished  temperature 
of  at  least  150^  ?  Can  it  possibly  have  depended  on  a  quantity  of  latent  heat  only 
equal  in  the  above  exj)Prinient  of  Dr.  Higgins  to  50".'  And  is  not  the  fact  that 
water  itself  hiui  been  cooled  down  to  20°  or  2.5"  below  the  freeuing  point  witliout 
cougealing,  evidence  that  something  more  than  a  ci'rtain  quantum  of  latent  heat  U 
essential  to  the  fluidity  of  water,  &c.  Other  objections  to  this  theory  presenj 
ibe'iDBelves,  but  thli  is  not  the  place  for  cqiifidering  ihcm. 
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repeating  at  present,  as  1  have  not  extended  my  experiments  on 
them  sufficiently. 

It  what  1  have  stated  should  be  sufficiently  interesting,  and  at 
the  same  time  compatible  with  the  nature  of  your  publication,  i  will 
thank  you  to  give  it  an  insertion. 

Fhilaik!pkia,  July  27,  1814. 


Article  III. 

JExperiments  on   the  Draught  of  Carriages, 
By  R.  L.  Edgeworth,  Esq. 

Mr.  Bryan  presented  the  following  Report  from  the  Committee  of 
Mechanics  and  Natural  Philosophy  of  the  Dublin  Society  :— > 

Report  of  the  Committee  of  Mechanics  and  Natural  Philosophy  of 

the  Dublin  Society. 

On  Saturday,  the  22d  of  April,  your  Committee  attended  in  the 
yard  of  Leinster  House,  when  the  following  experiments  were  pub- 
licly made  by  Mr.  Edgeworth  : — 

Experiment  I. 

Two  furniture  carts  were  placed  at  one  end  of  the  yard,  which 
was  paved  in  the  ordinary  manner.  They  were  both  constructed 
upon  grasshopper  springs  ;  one  of  them  was  painted  yellow,  the 
other  green. 

The.>-e  carriages  were  pulled  forward  by  the  apparatus  invented  by 
Mr.  Edgeworth,  which  consists  of  a  two-wheeled  carriage,  drawn 
by  one  or  two  hoives,  upon  which  a  wheel  or  puUy,  of  nearly  eight 
feet  diameter,  is  so  placed  as  to  turn  freely  in  an  horizontal  direc- 
tion. A  rope,  passing  round  this  wheel  or  pulley,  is  attached  by  its 
ends  to  the  carriage*  that  are  to  be  compared  ;  and,  as  the  apparatus 
is  drawn  forward,  the  two  carriages  must  follow,  and  that  which 
goes  the  easiest  will  get  foremost. 

This  apparatus  was  drawn  at  a  moderate  pace  by  two  horses,  and 
that  carriage  wliich  ran  the  lightest  and  easiest  was  loaded  till  the 
other  kept  pate  with  it. 

Five  cwi.  was  then  placed  upon  each. 

Tlie  springs  of  the  yellow  carriage  were  prevented  from  acting  by 
blocks  of  wood  interposed  between  the  springs  and  the  body  of  the 
carriage.  The  grei  n  caniage,  the  springs  of  which  were  allowed 
to  act,  was  now  loaded  with  1^  cwt.  additional  weight,  making  a 
tora!  of  (>J-  cwt. ;  and  the  grern  carriage  so  loaded  was  found  to  get 
before  tiie  yellow  carriage,  the  weight  on  which  amounted  to  only 
5  cwt.  I 

By  this  experiment  it  appeared  that  the  carriage  upon  springs  had 
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an  advantage  over  that  without  springs  of  one-fourth  of  the  weight 
that  was  laid  upon  it. 

Experiment  II. 

Two  post-chaises,  weighing  each  12  cwt.  7  lb.  one  of  them 
painted  black,  the  other  white,  were  next  compared  ;  the  perch  of 
the  black  one  was  moveable,  so  that  it  could  be  lengthened  or 
shortened  at  pleasure. 

When  their  perches  were  of  equal  length,  viz.  of  seven  feet  six 
inches,  the  carriages  were  compared  previous  to  these  experiments, 
and  their  draft  was  equalized  by  an  addition  of  weight  to  that  which 
ran  the  lightest. 

The  perch  of  the  black  carriage  was  now  lengthened  to  ten  feet 
three  inches.     The  carriagts  were  each  of  them  loaded  with  2  cwt. 

They  now  nearly  kept  pace  with  each  other,  the  one  with  the 
long  perch  appearing  to  have  rather  the  advantage. 

Experiment    III. 

The  load,  which  in  the  former  experiments  was  placed  in  the 
bottom  of  the  white  carriage,  was  now  placed  in  an  imperial  on  the 
top.  The  removal  of  the  weight  four  feet  higher  from  the  ground 
did  not  promote  the  progress  of  the  carriage,  which  did  not  yet 
keep  pace  with  the  black  carriage. 

Experiment    IV, 

Two  similar  Scotch  drays,  one  of  them  painted  blue,  and  the 
other  red,  were  now  compared.  They  had  been  brought  to  an 
equal  weight ;  and  the  blue  carriage  was  supported  upon  wooden 
springs,  consisting  of  two  pieces  of  elastic  timber,  connected  with 
the  bottom  of  the  dray  by  iron  shackles ;  each  dray  was  loaded  with 
6  cwt. 

The  (blue)  dray  upon  springs  had  now  a  weight  of  licwt.  placed 
upon  it.  With  this  additional  weight,  however,  it  got  before  the 
(red)  dray  which  had  no  springs. 

From  this  experiment,  the  application  of  wooden  springs  to  carts 
upon  pavements,  or  upon  ordinary  roads,  appears  to  have  an  ad- 
vantage in  the  proportion  of  7t  *<*  6-  ^^  must  be  observed,  that  a 
perfect  coincidence  of  draft  could  not  be  obtained  ;  because  the 
carriages  to  be  compared  rolled  upon  difftrent  tracts  of  the  pave- 
ment, so  that  the  smallest  inequality  of  the  roads  nuist  have  made 
some  difference  in  the  relative  progress  of  the  carriages ;  but  to 
make  as  fair  a  comparison  as  possible  between  their  drafts  respect- 
ively, that  carriage  which  was  placed  on  the  northern  track,  as  the 
carriages  went  from  east  to  west,  was  in  its  return  placed  on  the 
southern  track. 

Some  small  variation  of  the  draft  might  be  occasioned  by  the 
elasticity  of  the  long  perch,  and  some  by  the  vibratory  motion  of 
the  fore  carriage,  which  was  drawn  by  a  single  rope.  But  to  those 
conversant  with  the  subject,  these  slight  variations  were  but  of  little 
moment. 
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The  result  of  these  experiments  fully  prove,  iii  the  opinion  of 
this  Committee, 

That  the  apparatus  invented  by  Mr.  Edgeworth  is  adequate  to  the 
purpose  for  which  it  is  intended  : 

That  it  may  be  considered  as  a  sure  criterion  of  the  relative  draft 
of  carriages : 

That  very  short  perches  do  not  contribute  to  the  ease  of  drafts: 

That  the  dangerous  system  of  loading  the  tops  of  carriages  is  by 
no  means  advantageous. 

Signatures  to  the  Report  of  the  Committee  respecting  Mr. 
Edgeworth's  experiments  :— R.  B.  Bryan,  Charles  Cobbs  Beresford, 
Robert  Hutton,  N.  P.  Leader,  Richard  Griffith,  jun.  John  Patten, 
Richard  Wynne,  J.  Lester  Foster,  and  P.  D.  La  Touche. 


Article  IV. 

On  Coal  Mines.    By$jXaya9oj. 

(To  Dr.  Thomson.) 


SIR, 

The  numerous  accidents  which  have  of  late  years  happened  in 
■the  coal-mines  of  this  district,  have  been  productive  of  sorrow  and 
wretchedness  to  many,  and  have  excited  commiseration  and  horror 
in  all.  To  hear  of  50,  60,  nay  100,  of  one's  fellow  creatures  being 
suddenly  shut  up  within  the  bowels  of  the  earth,  a  certain  propor- 
tion of  them  instantaneously  destroyed,*  the  rest  left  to  perish,  eitlier 
by  hunger  or  slovv  suffocation,  is  such  a  piece  of  intelligence  as 
shocks  and  outrages  every  feeling  of  the  heart ;  yet  it  is  a  calamity 
which  the  inhabitants  of  the  district  of  the  Tyne  and  Wear  are 
doomed  very  frequently  to  deplore.  The  risk  and  the  frequency  of 
these  misfortunes  are  doubtless  owing  in  no  small  degree  to  the 
great  depth  and  extent  to  which  the  workings  of  the  coal-mines 
penetrate,  and  the  difficulty  thence  arising  of  avoiding  wastes,  and 
of  maintaining  the  air  in  a  state  fit  for  combustion  and  respiration. 
To  a  certain  degree,  therefore,  they  are  perhaps  unavoidable.  But 
Avhat  tends  greatly  to  embitter  the  regret  felt  on  their  occurrence,  is 
the  alleged  prevalence  of  a  certain  disinclination  in  those  concerned 
in  the  working  of  coal-mines,  either  to  communicate  information  on 
the  subject  in  general,  or  to  promote,  witli  all  the  zeal  that  might 
be  expected  of  them,  those  measures  necessary  for  the  discovery  of 
the  means  of  preventing  accidents.     Unhappily,  the  air  of  secrecy, 

*  In  the  many  fatal  accidents  which  have  occurred  within  my  knowledge  from 
e;[pIostoiis  of  inflammable  gas,  I  think  I  may  venture  to  assert,  that  not  more  th^ii 
one-fourth  of  Ihp  persons  they  have  ultimately  killed  have  been  the  victims  of  their 
immediate  effects;  Ihree-fourlbs  of  tbeni  almost  invariably  perish  bv  siiffocatioB, 
(Vide  First  Report  of  the  Sunderland  Society,  p.  12.)  '  . 
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which  they  seem  so  desirous  of  maintaining',  affords  but  too  much 
room  for  censure,  and  subjects  thcra  to  untavourable  imputations, 
of  which  they  are  probably  wholly  undeserving,  and  from  which  a 
different  conduct  would  assuredly  exempt  them.  Of  their  repugnance 
to  grant  information,  both  yourself  and  Mr.  Bokewell  have  had 
experience,  and  have  seen  cause  to  cumplain  publicly ;  and  it  is  to 
be  hoped  that  it  will  at  last  give  way,  if  not  to  a  spirit  of  liberality, 
or  the  power  of  conviction,  at  least  to  the  force  of  necessity.  In- 
stances of  the  loss  of  lives  are  becoming  so  frequent,  and  of  such: 
frightful  magnitude,  that  proprietors,  occupiers,  and  workers,  of 
coal,  must  in  the  end  be  driven  to  the  necessity  of  rousing  them- 
selves in  their  own  defence,  for  the  benefit  of  their  suffering  work-'. 
men,  and  of  their  own  interest.  r 

It  would,  Sir,  require  but  few  arguments  to  prove  that  the' 
'Vstem  of  mystery  which  they  are  anxious  to  preserve,  so  far  from 
enhancing  the  value  of  their  concerns,  must,  in  every  point  of  view, 
operate  to  its  depreciation  ;  and  that  the  tendency  must,  instead  of 
diminishing,  be  every  day  increasing.  It  would  also  be  easy  to  show 
that  the  only  mode  left  of  averting  the  ruinous  finale  to  which  the 
whole  is  liastening,  is  to  promote,  and  even  to  invite,  investigation 
and  publicity.  But,  Sir,  it  is  unnecessary,  if  I  were  capable,  which 
I  certainly  am  not,  of  writing  a  dissertation  on  coal-mines.  The 
sabject  is  not  new  ;  and  in  the  present  state  of  our  information  there 
is  scarcely  any  thing  very  interesting  to  be  offered  on  it.  The  wliole 
that  I  intend  at  present  is  to  draw  your  attenrion,  and,  through  your 
means,  the  attention  of  the  public,  to  certain  points  in  the  economy 
of  coal-mines,  which  are  already  known,  from  which  I  am  inclined 
to  think  advantage  may  be  derived,  if  they  should  come  to  be  im^ 
proved  with  that  eagerness  and  energy  which  their  importance  so 
justly  demands.  I  shall  advert  to  these  in  the  order  they  occur  to 
my  mind,  witliout  much  adherence  to  methodical  arrangement.       : 

Fire-damp,  or,  in  scientific  language,  the  explosion  of  carbureted 
hydrogen,  as  being  the  most  frequent,  apparently  the  most  destruc- 
tive, and  (as  in  the  present  instance)  tiie  most  recent,  cause  of  mor- 
tality in  our  coal-mines,  naturally  and  forcibly  claims  precedence. 
It  is  to  the  prevention  of  tliis  occurrence  that  the  principal  attention 
has  been  directed  ;  yet,  notwithstanding  all  that  has  been  done,  the 
security  against  its  ravages  is  still  very  imperfect.  The  generation 
of  carbureted  hydrogen,  from  whatever  cause  it  originates,  is  so  in- 
cessant and  so  enormous,  that  with  all  the  perfection  to  which  ven- 
tilation has  hitherto  Ijeen  carried,  it  is  found  altogether  impracti- 
cable wholly  to  guard  against  those  tremendous  subterranean  com- 
bustions, the  effects  of  which  produce  lamentation,  and  woe,  and 
miser)',  to  all  in  their  immediate  vicinity.  Two  years  ago  a  society 
was  eitablished  in  Sunderland  for  the  express  purpose  of  preventing 
accidents  in  coal-mints.  Its  first  Report  was  lately  published,  con- 
taining a  letter  addressed  to  Sir  Ralph  Milbanke,  the  President,  by 
Mr.  John  Buddie,  who  is,  I  understand,  deservedly  considered  one 
■of  the.  most  scientific  and  experienced  coal  viewers  in  this  quarter. 
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That  letter  contained  an  account  of  the  methods  most  generally 
pursued  of  ventilating  coal-mines,  accompanied  with  draughts  illus- 
trative of  the  different  descriptions.  From  these  one  may  form  a 
very  accurate  notion  of  the  principle  upon  which  the  ventilation 
proceeds,  and  that  it  of  course  depends  upon  a  thorough  circulation 
of  atmospheric  air  being  kept  up  through  all  the  different  coursings 
and  workings  of  the  mine.  So  rapid,  however,  is  the  ordinary 
accumulation,  and  sometimes  so  unexpected  is  the  accession  of  in- 
flammable gas,  that  with  all  the  apparatus  of  ventilation  in  the  most 
complete  condition,  it  is  a  matter  of  no  small  difficulty  to  keep  the 
air  in  circulation  in  a  state  fit  for  ilie  various  purposes,  or  in  the 
language  of  miners,  to  prevent  it  from  reaching  the  Jiring  point,  or 
point  of  hydrogenous  impregnation  at  which  it  explodes  when 
brought  in  contact  with  the  flame  of  a  candle.  The  slightest  inter- 
ruption to  the  regular  transmission  of  atmospheric  air,  or  the  least 
unlooked-for  addition  of  carbureted  hydrogen,  exposes  the  lives  of 
the  miners  to  the  most  imminent  jeopardy,  and  the  mine  itself  to 
the  risk  of  total  destruction.  It  would  appear  that  as  far  as  mecha- 
nical means  are  adequate  to  the  end,  ventilation  has  reached  the 
utmost  point  of  perfection  of  which  it  is  susceptible.  Mr.  Buddie 
in  some  measure  stakes  his  reputation  as  a  viewer  on  the  opinion, 
that  any  further  advancement  in  the  discovery  of  mechanical  powers  . 
for  the  ventilation  of  collieries  is  unattainable.  His  words  are : 
"  On  the  strength  of  my  own  experience  in  collieries  thus  circum- 
stanced, I  freely  hazard  my  opinion,  that  any  further  application  of 
mechanical  agency  towards  preventing  explosions  in  coal-mines 
would  be  ineffectual  ;  and  therefore  conclude  that  the  hopes  of  this 
Society  ever  seeing  its  most  desirable  object  accomplished  must 
rest  upon  the  event  of  some  method  being  discovered  of  producing 
such  a  chemical  change  upon  carbureted  hydrogen  gas  as  to  render 
it  innoxious  as  fast  as  it  is  discharged,  or  as  it  approaches  the  neigh- 
bourhood of  lights.  In  this  view  of  the  subject,  it  is  to  scientific 
men  only  that  we  must  look  up  for  assistance  in  providing  a  cheap 
and  effectual  remedy."  (Report,  p.  23.)  These  positions,  though 
perhaps  not  very  accordant  to  the  genuine  spirit  of  philosophy,  as 
tending  rather  to  repress  than  to  animate  the  zeal  of  discoverers, 
may  in  tlie  present  case  be  assumed  as  principles  for  the  purpose  of 
simplifying  and  facilitating  the  discussion.  By  the  publication, 
therefore,  of  Mr.  Buddie's  letter  in  the  Report  alluded  to,  our 
knowledge  of  this  part  of  the  subject  may,  in  one  respect,  be  con- 
sidered as  having  not  only  advanced  a  step,  but  our  perceptions  of 
what  we  do  know,  and  of  what  remains  to  be  done,  are  rendered 
moi^  clear  and  precise.  According  to  this  view,  then,  we  may  be 
said  to  have  arrived  at  a  fixed  point.  VVe  have  reached,  as  it  were, 
a  spot  from  which  we  can  see  more  distinctly  the  route  to  be  pur- 
sued. A  person,  in  every  respect  qualified  to  pronounce  a  deliberate 
and  decided  opinion,  has  declared  that  all  further  attempts  at  im-, 
provemcnt  in  what  may  be  called  the  mechanism  of  ventilation  will 
prove  abortive,  and  that  it  is  to  scientific  men  that  we  are  to  trust. 
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for  the  discovery  of  some  chemical  agent  which  shall  condense  of 
neutralize,  or  in  some  way  or  other  render  harmless,  the  destructive 
substance  as  fast  as  it  is  disengaged. 

But,  Sir,  in  order  to  give  the  investigation  of  the  subject  by  men 
of  science  any  cliance  of  being  prosecuted  with  success,  it  is  indis- 
pensably necessary  that  some  inducement  should  be  held  out.  It 
would  be  to  draw  on  philosophy  or  phihnthropy  to  a  much  greater 
amount  tlian  either  will  be  found  to  bear,  to  suppose  that  scientific 
men,  from  the  mere  impulse  of  benevolence,  or  love  of  the  subject, 
are  to  engnge  in  a  course  of  laborious  and  costly  experiments,  for 
the  purpose  of  finding  out  that  which,  though  it  would  unquestion- 
ably gratify  the  feelings  of  every  true  friend  of  science,  as  well  as  of 
humanity,  would  be  attended  with  no  decided  advantage  to  the 
discoverer  himself.  I  am  aware  it  has  been  said,  by  a  writer  whose 
authority  stands  deservedly  high,  that  "  in  the  present  state  of  our 
knowledge,  an  infallible  method  of  obviating  by  chemical  means  the 
deploral)le  catastrophes  which  occur  in  coal-mines,  is  a  hopeless  ac- 
quisition ;  and  that  to  hold  forth  any  such  proposal,  with  confident 
pretensions,  would  be  the  boast  of  empiricism,  and  not  of  science."* 
It  has  also  been  urged,  that  the  limited  power  which  art  has,  or 
even  can  be  supposed  to  exercise  over  the  mightier  operations  of 
Nature,  leaves  little  room  to  expect  that  any  thing  can  be  done  by 
chemical  means  to  controul  the  powers  of  the  latter  in  any  consi- 
derable detrrce.  Between  these  discouraging  opinions,  and  the  one 
promulgated  by  Mr.  Buddie,  which  forljids  us  to  look  for  any  fur-^, 
ther  mechanical  means,  we  should  be  left,  were  we  implicitly  to 
abide  by  them,  in  such  a  state  of  utter  abandonment,  as  would  go 
to  preclude  all  endeavours  to  ameliorate  the  present  system.  To 
adJuce,  therefore,  such  dogmas  as  these,  is  to  throw  a  damp  ujwn 
exertion  of  every  kind,  by  a  species  of  cold-blooded  doctrine,  hos- 
tile both  to  feelitig  and  to  the  interests  of  science,  and  which  is  the 
more  likely  to  obtain  credence  from  the  respectable  sources  whence 
it  derives  its  authority.  In  prosecuting  this  interesting  subject,  then, 
such  gloomy  and  disheartening  views  must  positively  be  discarded, 
and  sentiments  indulged  in,  which  shall  be  more  consonant  to  our 
hopes  and  wishes,  and  which  shall  afford  to  the  mind  a  brighter  and 
more  satisfactory  prospect.  Chemistry  has  in  our  age  made  rapid 
and  astonishing  advances  in  the  pursuit  of  truth ;  and  calculating 
from  past  experience,  it  does  not  appear  why  such  a  discovery  as 
that  of  preventing  or  counteracting  the  excessive  generation  of  car- 
bureted hydrogen,  or  of  neutralizing  it  when  formed,  should  be 
placed  out  of  the  reach  of  chemical  research.  Although  art  can 
certainly  do  little  to  regulate  or  subdue  any  of  the  more  stupendous 
operations  of  Nature,  yet  in  some  extraordinary  instances  she  has 
undoubtedly  succeeded.  Besides,  the  ventilation  of  a  coal-mine  is 
nothing  more  than  the  artificial  adaptation  of  scientific  principles  to- 
the  successful  accomplishment  of  a  great  practical  result,  and  bears 

.*  Vide  Reply  ts  Dr.  Trotter's  Proposal  for  destroying  Fire  aud  Choak  Damply 
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little  or  ho  analogy  to  corresponding  phenomena  at  the  surface, 
wliere  the  power  of  restraining  the  currents  of  air  is  not  within  the 
guidance  or  governance  of  human  agency.  But  even  tliough  the 
discovery  of  such  means,  as  shall  render  innocuous  the  whole  carbu- 
reted hydrogen  generated,  were  to  be  granted  as  unattainable,  still 
the  finding  out  a  substance  capable  of  decomposing  such  a  propor- 
tion of  it  as  shall  bring  it  more  within  the  range  of  human  manage- 
ment, need  not  on  that  account  be  despaired  of.  Let,  then,  some 
suitable  encouragement  be  offered ;  such  a  reward  as  shaH  incite  the 
learned  in  this  branch  of  knowledge,  to  apply  themselves  sedu- 
lously to  the  detection  of  that  which,  while  it  will  constitute  so  in- 
estimable a  benefit  to  the  public,  may  be  of  signal  advantage  to  the 
discoverer  himself.  Let  the  coal  proprietors,  and  all  concerned  in 
coal-mines,  subscribe  a  sum  by  way  of  premium,  or  bind  them- 
selves to  pay  it  at  any  future  period,  to  the  fortunate  individual  who 
shall  discover  this  great  desideratum.  In  aid  of  such  an' object,  let 
Parliament,  on  behalf  of  humanity  and  of  the  Country,  vote  a  cer- 
tain sum;  suppose  5,000/,  10,000/.,  or  '2O,OO0/.,  in  the  same 
manner  as  is  held  out  to  the  person  who  shall  discover  the  longi- 
tude ;  a  discovery,  by  tlie  way,  perhaps  fully  as  problematical  as 
the  one  now  in  contemplation.  As  connected  very  intimately  with 
the  accidents  from  Jire-damp,  those  from  choak-damp,  or  carbonic 
acid  gas,  next  bespeak  our  attention.  This  gubstance,  though  not 
so  ostensibly  hostile  to  life,  perhaps  in  point  of  fact  destroys  a  far 
greater  proportion  of  the  miners  than  even  the  fire-damp  itself.  It 
is  the  opinion  of  Mr,  Buddie,  as  we  have  already  seen,  that  onlj? 
one-fourth  of  the  people  below  ground  at  the  time  the  carbureted 
hydrogen  ignites,  suffer  by  the  immediate  effects  of  tjie  blast.  Those 
who  survive  are  afterwards  stifled,  before  the  mine  can  be  entered, 
by  the  inhalation  of  foul  air  ;  and  a  great  part  of  this  foul  air  con- 
sists of  carbonic  acid  gas,  formed  by  the  chemical  effects  of  the 
explosion.  In  reality,  therefore,  the  consideration  of  the  subject 
of  choak-damp,  though  not  so  immediate,  is  not  less  important 
than  that  of  fire-damp.  It  need  not,  however,  be  enlarged  upon 
in  this  place,  as  a  similar  experimental  inquiry  to  that  already  sug- 
gested is  requisite,  and  probably  would  lend  to  the  detection  of  the 
means  of  preventing  its  formation.  In  truth,  as  the  presence  of  a 
great  part  of  the  carbonic  acid  gas  is  a  necessary  consequence  of  the 
chemical  action  produced  by  the  ignition  of  the  carbureted  hydrogen, 
the  prevention  of  the  one  must  infallibly  obviate  the  generation  of 
the  other. 

Another  fruitful  source  of  fatal  disasters  in  our  collieries  is  water. 
By  the  last  accident  from  this  cause  at  Heaton  Colliery,  it  is  well 
known  that  no  less  than  75  men  and  boys  lost  their  lives.  Some  of 
these  were  doubtless  immediately  drowned  by  ti'.e  rapid  influx  of  the 
water  ;  l)ut  others  were,  in  all  probability,  doomed  to  one  of  the 
most  lingering  and  horrible  deaths  of  which  the  mind  of  man  is 
able  to  form  any  conception.  Entombed  alive  in  the  earth,  at  a 
depth  of  500  or  600  feet ;  shut  out  from  all  communication  with 
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those  6t  the  surface;  driven,  in  their  search  of  refuge  from  the 
roaring  flood,  to  seek  sheher  in  some  of  the  more  elevated  parts  of 
the  mine  ;  there,  if  they  succeeded  in  escaping  the  torrent  for  the 
moment,  to  lie  in  darkness  and  despair,  some  of  tijem  perhaps  in 
solitude,  conscious  that  every  hope  of  being  rescued  was  for  ever 
cut  off,  waiting  the  approach  of  the  water  to  swallow  them  up,  or 
the   equally   certain  ravages  of  hunger  or  suffocation  ;  no  sound 
to  be  heard  but  the  dying  groans  of  their  companions.     Great  God 
of  mercy !  what  a  situation  for  human  beings  to  be  reduced  to ! 
The  imagination  turns  away  with  sickening  horror  and  affright  from 
the  picture  which  itself  has  drawn  ;  and  the  only  hope  which  even 
the  most  benevolent  heart  can  cherish,  with  any  degree  of  patience 
composure,  is,  that  the  noxious  air,  or  submersion  in  the  water, 
must  have  speedily  put  a  period  to  their  miseries  by  terminating 
their  existence. 

An  event  of  a  similar  description  is  said  to  have  taken  place  in 
this  neighbourhood  about  30  or  40  years  ago.     The  manner  in 
which  this  accident  happens  is  sufficiently  well  understood,  and 
may  be  easily  conceived.     Throughout  the  greater  part  of  the  Tyne 
and  Wear  district  there  are  innumerable  wastes,  or  spaces,  left  by 
the  former  working  out  of  coal  seams.     These  old  workings,  on 
account  of  the  deficient  means,  both   chemical  and   mechanical, 
possessed  by  our  forefathers,  are,  generally  speaking,  shallow,  when 
compared  with  the  depth  to  which  the  operations  in  what  is  called 
the  Low  Main  now  penetrate.     They  therefore  now  constitute  so 
many  cisterns,  into  which  the  water  from  the  surface,   and  from 
other  sources  in  the  silent  and  stupendous  laboratory  of  Nature,  is 
perpetually  filtering ;  till  at  last  there  come  to  be"  collected  pro- 
digious bodies  of  water,  which  in  general  overlay  the  stratum  of 
coal  in  which  the  more  modern  workings  are  carrying  on.     From 
uncertainty  respecting  the  vicinity  of  these  wastesand  aqueous  re- 
servoirs, from  tenderness  or  want  of  power  in  the  wall  or  roof  of 
the  mine,  to  support  the  lateral  or  superincumbent  pressure  of  the 
water,  or,  still  more,  from  ignorance  or  rashness  in  the  workmen 
in  approaching  too  near  to  these  vast  accumulations,  the  side  oi* 
roof  of  the  mine  gives  way,  and  the  overwhelming  inundation  takes 
place.     Against  such  an  awful  and  ruinous  occurrence  there  neither 
is,  nbr  probably  can  there  be,  provided  any  effectual  safeguar*!. 
Yet  much  may  be  done  by  way  of  precaution  :  and  here  i  must 
take  the  liberty  of  mentioning  a  plan  which  was  broucht  forward 
With  this  view  by  JVIr.  Thomas,  of  Denton,  near  Newcastle,  so  far 
back  as  the  year  IJdJ.     A  paper  by  this  Gentleman  on  the  subject 
of  establishing  an  office  in  Newcastle  for  recording  pinns  and  other 
particulars  resjiecting  coal-mines  was  read  at  that  time ;  but,  from 
some  uhexjpbined  cause,  was  never  acted  upon.    On  account  ot  the 
mcreasing  importance  of  the  subject,  this  paper  was  again  read  at 
the  last  meeting  of  the  Literary  and  Philosophical  Society  of  this 
place,  held  on  the  Gth  inst.,  and  was  ordered  to  be  published, 
together  with  supplementarv  observations  by  Mr.  Wm.  Chapman, 
Vol.  VI.  N°  IJ.  '         H 
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civil  engineer,  calculated  to  put  the  whole  into  such  a  train  as  shall 
enable  the  public  to  avail  themselves  of  the  advantages  compre- 
hended in  the  proposal.  It  would  only  be  to  anticipate  the  contents 
of  the  intended  pamphlet,  were  I  now  to  enter  upon  any  details. 
I  shall,  therefore,  merely  observe,  that  the  plan  seems  admirably 
well  suited  to  a  most  humane  and  useful  object,  and  wiU,  1  should 
hope,  meet  with  eveiy  encouragement. 

There  are  one  or  two  points  more  to  which  I  wish  to  allude,  as 
meriting  more  notice  than  has  yet  been  bestowed  upon  them.  One 
of  these  is  the  state  of  discipline  which  obtains  in  coal-mines.  It 
is  an  acknowledged  truth,  that  the  various  unfortunate  events  in  our 
colli(?ries,  though  passing  under  the  general  denomination  ot  acci- 
dents, are  frequently,  if  not  always,  brought  about  by  circum- 
stances to  which  the  epithet  fortuitous  can  scarcely  be  applied.  In 
those  instances  where  the  escape  of  any  of  the  miners  affords  an 
opportunity  of  ascertaining  the  particulars,  the  accident  can  gene- 
rally h»  traced  to  have  originated  in  want  of  science  in  some  of  the 
immediate  superintendents,  or  ignorance  of  the  workmen,  or  want 
of  attention  in  the  boys,  to  whose  care  are  entrusted  some  of  the 
most  important  arrangements,*  but  more  especially  still,  in  most 
reprehensible  and  over-weening  confidence  in  all,  which  being 
translated,  means  nothing  more  or  less  than  the  grossest  carelessness. 
In  fact,  this  latter  circumstance  may,  to  a  certain  degree,  be  re- 
garded as  the  primary  cause  of  all  the  mischief  that  happens. 
Unless,  therefore,  some  method  be  devised  for  preventing  relaxa- 
tion in  the  discipline,  and  for  instituting  some  reformation  in  the 
interior  economy  of  the  mines,  it  is  obvious  that  all  other  means, 
however  perfect,  must  come  lamentably  short  of  their  intended 
effect.  This  desirable  change,  however,  can  hardly  be  effected  but 
by  Legislative  interference,  which  it  v»'ould  consequently  be  for  the 
interest  of  all  parties  to  see  exercised. 

Another  most  essential  object  would  appear  to  be  to  establish 
some  efficient  method  of  alarm  amongst  the  inhabitants  of  the 
mine.  From  the  accounts  received  from  the  survivors  of  the  late 
terrible  catastrophe  at  Heaton  colliery,  it  is  evident  that  had  a  more 
perfect  system  of  alarm,  as  well  as  of  discipline,  prevailed,  a  con- 
siderable proportion  of  the  unfortunate  miners  might,  nay  would, 
have  been  saved.  Indeed,  it  is  easy  to  imagine  how  it  may  happen 
that  a  workman,  or  set  of  workmen,  in  any  particular  district  of  a 
colliery,  shall  have  satisfactory  evidence  of  approaching  danger, 
and  save  themselves  by  rushing  to  the  shaft,  while  they  have  no 
means  of  giving  timely  warning  to  others  working  at  the  distance 
of  perhaps  more  than  a  mile  from  them.  This  actually  happened 
at  Heaton.    The  men  who  were  working  at  the  fatal  spot  where  the 

*  Mr.  Buddie  defines  a  trapper  to  be  *'  the  person,  generally  a  boy,  who  opens 
ami  shuts  the  doors.  The  trappers  have  seats  near  their  doors,  and  remain  by  them 
all  the  time  the  pit  is  at,  work.  This  is  the  Jirst  branch  of  pit  work  the  boys  go  to," 
(Reporl,  p.  26.)  It  is  of  some  consequence  here  to  know  that  these  dours,  which 
these  children  are  employed  to  watch,  are  the  apertures  through  which  the  air  ia 
ransmitted  ;  in  other  ivord>,  ihey  appear  to  be  the  main  channels  of  ventilation. 
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water  burst  through  extricated  themselves  by  hastening  to  the  shaft, 
but  before  the  alarm  could  be  spread  to  the  more  distant  parts  of  tli^ 
piine,  where  most  of  the  men  appear  to  have  been  at  work,  the 
water  had  formed  an  impassable  barrier,  and  deprived  them  of  all 
chance  of  retreat. 

It  may  also  occur  in  a  similar  manner,  with  respect  to  explosions 
of  carbureted  hydrogen,  that  men  working  at  a  certain  part  of  the 
pit  may  be  aware  of  danger  from  the  state  of  the  air  in  their  imme- 
diate neighbourhood,  and  though  not  able  to  save  themselves  from 
injury  or  death,  may  by  early  alarm  be  the  means  of  saving  some  of 
their  comrades  nearer  the  shaft,  many  of  whom  are  sacrificed  simply 
from  not  knowing  that  danger  is  at  hand.  For  the  purpose,  then, 
of  the  better  guarding  against  these  evils,  might  it  not  be  advisable 
flnd  proper  to  have  established  throughout  the  mine  a  series  of 
epeaking  trumpets,  or  alarum  bells,  arranged  in  such  order  as 
should  convey  with  the  greatest  possible  celerity  intimations  of 
danger  to  its  various  departments  ? 

These,  Sir,  are  all  the  remarks  which  occur  to  me  at  present,  as 
worth  while  to  trouble  you  with.  There  are  many  other  con- 
trivances which  might  be  proposed,  and  which  might  be  adopted, 
with  increased  security  to  the  miners,  and  certainly,  at  a  very 
moderate  cost  to  the  proprietors.  But  I  fear  I  have  already 
trespassed  at  too  great  length  to  presume  to  encroach  any 
further.  One  observation  there  still  remains  to  be  made,  that 
will  apply  to  all  these  different  causes  of  the  loss  of  so  many 
valuable  lives,  and  it  is  this,  that  the  accidents  resulting  fronj 
them  in  coal-mines  must  be  daily  becoming  more  frequent.  From 
the  very  nature  of  the  case,  the  more  numerous,  deep,  and  ex- 
tensive, the  excavations  become,  the  greater  must  be  the  difficulty 
of  avoiding  wastes  and  old  workings,  where  reservoirs  of  carbureted 
hydrogen,  of  carbonic  acid  gas,  and  especially  of  water,  are  in  a 
state  of  unceasing  accumulation.  In  a  word,  the  subject  is 
assuming  a  fearful  importance,  and  must  very  soon  extort  from  the 
public,  and  particularly  from  those  moi-e  nearly  interested,  that 
attention  which  hitherto  seems  to  have  been  partly  withheld  from  it. 
I  am,  Sir,  your  most  obedient  servant, 

Newcastle-upon-Tyne,  ^iXuya9oc. 

June  13,  1815.  ' 


Article  V. 

An  Account  of  the  Sunderland  Lime-^tone  Formation.     By  W. 
Reid  Clanny,  M.D.  M.R.I. A.  of  Sunderland. 

(To  Dr.  Thomson.) 

DEAR  SIR,  -  Sunderland,  June  12,  1815. 

When   I  had  the  pleasure  of  your  short  visit  last  summer,  I 
forgot  to  show  you  the  Pallion  lime-works,  llie  property  of  John 

u  2 
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Goodchild,  Esq.  which  are  situated  upon  the  Wear,  about  a  mile 
up  the  liver  from  this  town.  They  are  the  deepest  wrought  of  the 
Sunderland  lime-stone  forjnation,  and  are  of  great  extent  and 
value. 

I  have  taken  some  pains  in  examining  the  Pallion  lime-stone, 
assisted  by  those  persons  who  were  best  qualified  to  give  me  the  re- 
quisite information  ;  and  the  following  sketch,  which  1  have  draw n 
up  for  the  Annals  of  Philosophy,  will,  1  expect,  be  found  worthy 
the  perusal  of  your  readers. 

These  lime-works  have  afforded  employment  for  many  years  to  a 
great  number  of  quarry-men,  lime-burners,  and  sailors,  many  of 
whom  were  so  advanced  in  years  that  they  had  little  chance  of  con- 
stant employment  elsewhere.  The  works  are  conducted  with  the 
greatest  care  and  regularity  ;  and  a  steam-engine  of  considerable 
power  is  in  constant  use,  to  draw  the  lime  from  the  quarry  to  the 
kilns.  Whether  we  consider  the  extent  or  the  order  in  which  the 
different  operations  are  carried  on,  the  Pallion  lime-stone  must  be 
always  considered  as  an  object  of  much  interest  and  curiosity. 

The  following  are  the  strata  of  Pallion  quarry  : — 

Soil,  from  a  foot  to  two  feet. 

Marl,  containing  small  pieces  of  lime-stone  of  a  cream-yellovir 
colour,  25  feet. 

A  stratum  of  common  compact  lime-stone  18  feet  in  depth, 
colour  white,  through  which  are  observed  a  few  horizontal  stripes 
of  ochre-yellow.  It  is  massive ;  fracture  even,  inclining  to  large 
conchoidal ;  translucent  upon  the  edges ;  brittle  ;  easily  frangible  ; 
not  particularly  heavy  ;  may  be  scratched  with  fluor  spar,  but  not 
with  the  nail.  Several  horizontal  indentations,  slightly  crystal- 
lized, run  through  this  strtitum,  in  some  places  having  the  appear- 
ance of  dovetailing,  and  in  others  resembling  the  sagittal  suture  of 
the  human  cranium.  From  the  chemical  trials  which  I  have  made, 
I  find  that  this  stratum  contains  no  magnesia. 

The  second  stratum  of  lime-stone  is  35  feet  in  depth,  colour 
ochre-yellow,  with  very  frequent  clouds  of  bluish-grey.  The 
ochre-yellow  is  soft,  giving  to  the  touch  the  sensation  of  indurated 
marl.  The  bluish-grey  is  very  hard  and  compact ;  of  course  the 
fracture  of  this  stratum  of  lime-stone  is  very  uneven.  This  stratum 
contains  magnesia,  though  in  no  great  proportion. 

The  third  stratum  of  lime-stone  is  three  feet  in  depth ;  colour 
cream-yellow,  having  many  small  spots  of  ochre-yellow  inter- 
spersed ;  texture  uniform ;  fracture  conchoidal ;  translucent  upon 
the  edges ;  hard ;  not  brittle ;  cannot  be  scratched  with  the  nail, 
but  readily  with  fluor  spar.  In  this  stratum  the  remains  of  a  flat 
fish  was  found,  a  drawing  of  which  I  have  taken  for  you :  (see 
Plate  XXXVII.)  and  near  the  remains  of  this  fish  I  have  dis- 
covered several  shells,  which  are  in  such  a  state  of  mutilation 
that  even  with  a  good  magnifying  glass  it  appears  impossible  to 
refer  them  to  any  class,  in  which  opinion  I  am  supported  by  a 
well-informed  conchologist  of  this  place. 
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Tlie  lime-stone  of  this  stratum  has  been  much  in  request  for  the 
sculpture  of  coats  of  arms  for  mansion-houses. 

The  fourth  stratum  of  lime-stone  is  worked  to  tlie  depth  of  1 7 
feet,  and  is  the  lowest  at  present  wrought.  1  shall  have  occasion  to 
offer  some  remarks  afterwards  at  the  conclusion  of  this  paper,  when 
I  shall  mention  the  depth  of  this  stratum  where  it  was  worked 
through  in  sinking  a  coal-pit  shaft.  The  colour  of  this  stratum  is 
bluish-grey ;  Jt  is  massive  ;  fracture  conchoidal ;  fragments  sharp 
edged ;  translucent  upon  the  edges ;  cannot  be  scratched  by  the 
nail,  though  readily  enough  by  fluor  spar;  it  is  hard,  and  not 
readily  frangible ;  contains  not  more  than  live  per  cent,  of  mao-- 
nesia. 

About  two  feet  from  the  bottom  of  the  quarry,  tliis  stratum  be- 
comes so  fine  in  the  texture  that  it  has  been  sculptured  for  orna- 
iiiental  purposes,  and  is  well  known  under  the  name  of  the  Pallion 
marble. 

The  Pallion  lime  is  much  valued,  and  is  very  extensively  used  for 
agricultural  purposes  along  the  whole  eastern  coast  of  England  and 
Scotland.  An  observation  of  the  late  Dr.  Anderson,  in  his  excellent 
Essays  on  Agriculture,  is  so  much  in  point,  that  I  shall  oflFer  no 
apology  for  transcribing  it :— "  The  only  extensive  lime-quarries  of 
such  a  pure  lime-stone  that  I  have  met  with  are  at  Sunderland,  in 
the  county  of  Durham." 

The  Pallion  lime-stone,  generally  speaking,  is  hard ;  but  when 
burnt,  it  is  as  light  and  soft  to  the  touch  as  chalk-lime.  This  lime- 
stone accordingly  loses  much  weight  by  calcination,  and  requires  a 
large  proportion  of  water  to  slake  it. 

In  the  year  1787  a  coal  shaft  was  sunk  about  half  a  mile  south- 
west of  the  Pallion  quarry,  and  upon  the  same  estate.  The  same 
order  and  appearance  of  the  strata  were  observed  as  in  the  Pallion 
quarry,  that  is,  as  far  down  as  the  latter  quarry  is  worked,  which  is 
to  the  extent  of  17  feet  in  the  fourth  stratum  of  lime-stone,  as 
mentioned  above.  After  this  the  shaft  was  carried  through  64  feet 
of  blue  lime-stone,  whicli  became  coarse,  and  of  inferior  vsilue. 

Immediately  below  this  stratum  of  lime-stone  the  shaft  was 
worked  through  a  stratum  of  dark  slate-clay  alternating  with  blue 
slate-clay,  which  was  240  feet  in  depth.  The  shaft  was  next  passed 
through  a  mass  of  green-stone  (the  whin-stone  of  this  county)  and 
clay-slate  to  a  considerable  depth. 

.  Mr.  Goodchild  has  lost  the  memoranda  which  were  taken  when 
the  shaft  was  sunk ;  but  you  may  rely  upon  the  accuracy  of  the 
?bove  statement,  as  I  had  it  from  himself. 

I  am,  dear  Sir,  your  faithful  friend, 

W.  Rkid  Clanny, 
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Article  VI. 

Sketch  of  a  General  Theory  of  the  Intellectual  Functions  of  Man 
and  Animals,  given  in  reply  to  Drs.  Cross  and  Leach.  By 
Alexander  Walker. 

{Concluded  from  p.  34.) 

On  the  subject  of  the  cerebellum,  I  have  only  to  add,  that  all 
the  observations  which  Drs.  Gall  and  Spurzheim  have  adduced  to 
prove  that  it  is  the  organ  of  amativeness,  are  accountable  from  the 
circumstance  that  the  degree  of  physical  love  seems  to  be  more 
or  less  connected  with  the  degree  of  voUmtary  power — the  proper 
function  of  this  organ :  and  hence  it  is  that  the  man,  the  stallion, 
and  the  bull,  having  more  voluntary  power,  have  also  more  amative- 
ness and  a  larger  cerebellum  than  the  eunuch,  the  gelding,  and  the 
ox.  With  this  modification — considering  the  cerebellum  not  as  the 
organ,  but  as  a  convenient  sign,  of  amativeness,  the  general  theory 
which  I  now  deliver  of  the  nervous  system  is  in  perfect  harmony 
with  the  more  particular  doctrine  of  Gall  and  Spurzheim  as  to  the 
cerebral  organs. 

My  former  brief  paper  being  entitled,  On  the  Use  of  the  Cere- 
bellum and  Spinal  Marrow,  it  was  less  to  the  structure  of  these 
parts  (which  1  conceived  to  be  sufficiently  well  known)  than  to  their 
use  that  1  referred.  In  particular,  I  meant  to  lay  no  claim  to  the 
first  observation  of  the  division  of  the  spinal  marrow,  either  on  the 
ground  of  its  having  lateral  fissures,  asserted  by  Soemmerring,  who, 
however,  will  no  doubt  now  abandon  his  opinion,  since  Dr.  Leach 
"  has  carefully  examined  the  structure  of  the  spinal  mass  of  nerves," 
or  on  a  ground  which  is,  I  believe,  peculiar  to  myself,  that  these 
columns  being  laterally  separated  by  cineritious  matter,  that  sub- 
stance serves  the  purpose  of  insulating  them  from  each  other,  and 
serves  a  similar  purpose,  and  no  other,  throughout  the  brain.  Even 
on  this  ground,  which  I  believe  to  be  the  best  one,  however  peculiar 
it  may  be,  it  was  not  my  intention  to  claim  the  observation  ;  but  H 
was  my  intention  to  consider  as  my  own,  the  observation  that  the 
interior  columns  (in  which  end  the  anterior  spinal  nerves)  terminate 
in  the  cerebrum,  while  the  posterior  columns  (in  which  begin  the 
posterior  spinal  nerves)  commence  in  the  cerebellum ;  as  wTsU  as 
that  the  anterior  may  be  termed  the  ascending  columns  and  nerves, 
and  the  yjosterior  the  descending — that  the  former  may  be  called 
those  of  sensation  or  impression,  which,  to  be  cognizable  to  the 
brain,  must  ascend  from  by  far  the  greater  part  of  the  surface  of 
the  body;  and  that  the  posterior  may  be  called  those  of  volition  or 
expression,  v.'hich,  to  affect  almost  all  tlie  muscles,  must  descend 
from  the  head.  And,  to  say  tlie  least  of  it,  this  is  rendered  highly 
probable  by  the  circumstances  that  sensation  and  volition — an 
ascending  and  a  descending  motion  cannot  possibly  take  place  in 
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the  same  fibrils  of  the  same  nerve ;  that  consequently  all  nerves, 
having  at  once  sensation  and  volition,  divide  into  two  series  of 
fibrils  on  joining  the  spinal  marrow,  namely,  an  anterior  series  and 
a  posterior  one ;  that  the  anterior  series  is,  in  form  and  structure, 
totally  different  from  the  posterior;  and  that  the  spinal  marrow, 
divided  as  it  is  by  fissures  and  by  cineritious  matter,  does  really 
form  four  columns  which  are  joined  by  these  series,  viz.  the  anterior 
columns,  by  the  anterior  fasciculi,  and  the  posterior  columns^  by 
the  posterior  fasciculi.  _  , 

In  reply  to  my  statement,  that  the  anterior  columns  join  the 
cerebrum,  and  the  posterior  the  cerebellum.  Dr.  Leach  says,  «  Gall 
and  Spurzheim  have  shown  that  the  brain  and  cerebellum  cannot 
be  considered  as  the  continuation  of  the  spinal  marrow,  any  more 
than  the  spinal  marrow  can  that  of  the  brain  and  cerebellum." 
This  reply  the  Doctor  no  doubt  thinks  decisive ;  and  as  1  have 
shown  that  he  has  rather  too  hastily,  and  without  reason,  called  my 
anatomical  and  physiological  statement  inaccurate,  I  must  now 
inquire  into  his.  The  argument,  then,  which  he  here  adduces, 
from  whatever  source  derived,  is  a  bad  one,  because  it  proves  a 
great  deal  too  much,  as  the  following  observation  will  show.— 
Various  parts,  then,  of  the  body,  have  been  generated  separately  ia 
the  uterus  or  ovaria,  as  hair,  teeth,  limbs,  &c.  Novy,  in  the  case 
of  the  lower  part  of  the  body  or  the  lower  extremity  being  generated 
alone  or  detached  from  the  superior  parts,  the  generated  parts 
would  contain  vessels  as  well  as  nerves — naraely,  an  aorta  and  vena 
cava,  or  a  femoral  artery  and  vein.  But,  from  the  Doctor's  argu- 
ment, it  would  follow  that,  because  in  this  case  the  lower  parts  of 
these  vessels  were  produced  separately  from  the  upper,  therefore,  in 
the  natural  state,  these  parts  are  not  continuations  of  each  other  1 
and  that  the  aorta  and  femoral  artery  are  not  descending,  and  tlie 
vena  cava  and  femoral  vein  ascending  !  *  Such,  then,  are  the 
pi-ecise  and  "  accurate  "  arguments  employed  by  Dr.  Leach  to 
prove  that  the  anterior  columns  and  tlieir  nerves  do  not  join  the 
cerebrum,  and  the  posterior  the  cerebellum. 

In  reply  to  njy  statement,  that  the  anterior  of  the  nervous 
fasciculi  which  join  the  spinal  marrow  are  not  nerves  of  sensation, 
nor  the  posterior  nerves  of  volition,  Dr.  Leach,  instead  of  proving 
mxj  inaccuracy,  places  upon  record  a  most  astonishing  specimen  of  his 
ownt—Dv.  Leach  says,  "  The  two  roots  of  nerves  of  each  lialf  of 
the  spinal  marrow,  namely,  the  anterior  and  posterior,  ,go  to  dif- 
ferent parts  of  the  body  :— the  muscles  and  skin  of  the  back  receive 
tlieir  nerves  from  the  posterior  roots,  whilst  the  muscles  and  skin  of 
the  abdomen  receive  theirs  from  the  anterior  roots,  and  yet  the  fore 
and  back  parts  of  the  body  have  sensation  and  voluntary  motion." 
Now  certainly  if  this  were  but  true,  my  doctrine  would  be  not 

•  This  argument  is  not  limited  to  tlie  separate  production  of  one  part  of  the 
body,  as  the  trunk,  or  the  lower  extremity  ;  but  obviously  applies  to  any  pitrt 
which  may  ever  have  been  separately  produced,  aad  even  to  all  degrees  of  muii- 
latioD. 
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merely  inaccurate,  but  altogether  false  ;  for  this  would  prove,  that 
both  roots  were  at  once  nerves  of  sensation  and  of  volition:  but, 
not  being  true,  the  case  is  certainly  somewhat  altered.     Unluckily 
for  Dr.  Leach,  It  is  his  own  statement  which  is  inaccuiate.     In  his 
"  careful  examination  of  ihe  structure  of  the  spinal  mass  of  nerves," 
the  Doctor  has  absolutely  mistaken  the   branches  for  the  roots  of 
these  nerves  1     It  is  from  the  branches  that  the  nerves  he  alludes  to 
go  off;  for,  however  lucky  this  may  be  for  humanity,  since  it  pre- 
vents our  moving  with  only  one  half  the  body,  and  feeling  only 
%vith  the  other,  it  is  certainly  unfortunate  for  the  Doctor's  argument 
that  neither  to  skin  nor  muscles  is  the  slightest  twig  given  from  the 
roots.     These  roots  then  combine,  communicate,  and  even  cross  by 
twigs,  in  order  to  form  a  trunk  ;  and,  that  the  Doctor  may  not  be 
put  to  the  trouble  of  another  "  careful  examination,"  if  he  will 
only  cross  the  fingers  of  one  of  his  hands  between  those  of  the 
other,  he  will  have  a  tolerable  conception  of  the  trunk  so  formed, 
remembering,  however,  that  only  about  half  the  fibrils  of  either 
root  do  so  cross,  while  the  other  half,  instead  of  crossing  to  the 
opposite  branch,  runs  onward  in  the  branch  of  the  same  side.     A 
rather  greater  number  of  fibrils,  indeed,  pass  from  the  posterior 
root  to  the  anterior  branch  than  from  the  anterior  root  to  the  poste- 
rior branch,  because  the  anterior  branch,  being  destined  ^o  supply  a 
greater  pot  tion  of  the  body,  requires  to  be  larger.     I  do  not  find 
this  decussation  described  in  any  analoinicnl  book,  which  I  have  at 
hand  ;  but  tlie  slightest  inspection  will  demonstrate  it.     The  law 
of  this  decussation  is  maintaiiied  even  in  very  inferior  animals ;  for, 
in  those  which  have  no  vertebrae  and  in  which  the  spinal  marrow  is 
formed  below  the  oesophagus  by  the  linion  of  the  two  crura  of  the 
cerebellum,    though  the  two   fasciculi  generally   remain  distinct 
throughout  the  greater  part  of  their  length,  yet  they  always  unite 
at  different  spaces  by  knots  whenever  a  nerve  is  given  off!     Thus 
each  Iranch  is  composed  from  loth  roots:  and  it  is  only  from  the 
branches  thus  composed,  and  by  no  means  from  the  roots,  that  the 
nerves  the  Doctor  speaks  of  are  distributed  :  hence  it  is  not  won- 
derful that  they  give  both  sensation  and  voluntary  motion.     These 
branches,  however,  the  Doctor  calls  *'  the  two  roots  of  nerves  of 
each  half*  of  the  spinal  marrow,  namely,  the  anterior  and  poste- 
rior ;  "  and  asserts,  as  is  seen  above,  that  these  identical  roots  of 
each  halfofxhe  spinal  marrow  "  go  to  different  parts  of  the  body!  " 
Every  anatoiiiist  and  every  anatomical  work  declares  that  from  the 
roots  no  twig  proceeds  either  to  skin  or  muscles ;  and  if  it  were  not 
obvious  that  the  Doctor  had  mistaken  the  branches  for  the  roots,  I 
should  be  apt  to  think  that,  in  his  "  careful  examination  of  the 
structure  of  the  spinal  mass  of  nerves,"  the  Doctor  had  refuted  the 
whole  of  them. 

1  have  now  to  mention,  that  even  some  of  those  anatomists  who 

•  _.  •  .  I  ■  

»  Thus,  (00,  the  Doctor  after  all  allows  that  there  are  a  sternal  and  dorsal  half 
«)f  tlie  spiuai  marrow,  .•      ' 
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succeeded  Willis  conjectured  that  there  were  cerebral  and  cere- 
bellic  nerves.     They  "indeed  only  conjectured  this ;  and  they,  mere- 
over,  erred  by  distinguishing  them  into  vital  and  animal.     The  vital 
nerves,  said  they,  are  chiefly  derived  from  the  cerebellum,  and  the 
animal  from  the  cerebrum. — They  have  believed,  says  Haller,  that 
several  nerves  have  roots  partly  from  the  cerebellum.     But  Haller 
objects  that  the  fifth  pair  arising,  as  he  says,  from  the  cerebellum, 
is  appropriated  both  to  sense  and  to  motion  ;  "  nor  would,"  says  he, 
*,'  Nature  have  so  solicitously  blended  both  species  of  nervous  fibres 
if  their  nature  had  been  different,"  and  if,  he  might  have  added, 
they  had  been  destined  to  supply  totally  distinct  parts  of  the  body. 
He  shows  also,  that  some  of  those  nerves  which  they  believe   to 
have  some  origin  from  the  cerebellum,  have  nothing  to  do  with 
vitality  ;  and  he  adduces  various  other  objections.     Speaking  of  the 
possibility  of  fibrils  of  different  kinds  being  in  the  same  nerve, 
Haller  also  says,  '*  Infinitum  ad  infinitessimum  possis  deponere, 
falli  hominem,   qui  Dei   consilia   voluerit  conjectura  expiscari." 
Even  Haller,  however,  when  speaking  of  the  double  series  of  roots 
of  the  spinal  nerves,  involuntarily  allows  some  connection  of  that 
kind  ;  for  he  says,  "  quarum  anterior  altera  ineodcm  cum  cerebral- 
ibus  nervis  ordine  pergit,  posterior  medullae  propiia  est,  et  demura 
sub  fine  quarti  ventriculi  incipit. 

In  proof,  however,  that  the  sensitive  and  motive  nerves  are  per- 
fectly distinct,  I  can  quote  for  Dr.  Leach  a  much  better  authority 
than  that  of  any  old  author:  first,  that  of  reason,  which  tells  us, 
that  as  sensation  cannot  reach  the  cerebrum  without  an  ascending 
,  motion— a  motion  towards  the  brain  ;  as  the  consequent  volition 
cannot  affect  the  muscles  without  a  descending  motion — a  motion 
from  the  brain  ;  and  as  it  is  contrary  to  all  analogy  that  there  sliould 
be  motion  in  opposite  directions  in  the  same  tubes  of  neurilema — 
for  these  reasons,  there  must  be  a  series  of  nerves  appropriated  to 
each:  and,  secondly,  the  authority  of  anatomy,  which  shows  us 
that,  though  nerves  supplying  parts  which  are  contiguous  in  position 
but  different  in  nature  often  run  in  one  common  sheath,  yet  oti 
arriving  at  the  spinal  marrow  they  split  into  two  roots,  as  they  are 
termed  ;  that  these  roots  are  quite  different  in  form,  the  anterior 
being  more  fibrous,  and  the  posterior  more  simple  and  round  ;  that 
the  anterior  roots  join  the  anterior  columns  of  the  spinal  marrow, 
and  the  posterior  roots  the  posterior  columns  ;  that  these  columns 
actually  do  join  the  cerebrum  and  cerebellum  respectively ;  and  that 
even  those  cerebral  nerves  which  are  at  once  nerves  of  sensation  and 
volition  have  two  roots,  one  from  the  cerebrum,  and  another  from 
the  cerebellum.     This  may  be  most  easily  observed  in  the  seventh 
pair  or  facial  nerves,  the  origin  of  which   has  hitherto  been  mis- 
taken   by  all  anatomists.      They   directly  penetrate  the   medulla 
oblongata  from  its  lower  to  its  upper  surface  ;  and,  throughout  this 
very  considerable  internal  passage,  each  nerve  consists  of  two  per- 
fectly distinct,  silvery  and  glistening  cords,  of  which  one  joins  the 
V'erebcllum,  and  tlie  other  runs  onward  to  the  cerebrum.    This  may 
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easily  be  seen  by  any  anatomist  v.'ho  chooses  to  look  at  the  subject 
itself,  instead  of  only  making  such  a  "  careful  examination  '  as 
Dr.  Leach  last  instituted  on  "  the  spinal  mass  of  nerves." 

The  views  which  I  have  now  taken  enable  me  to  answer  a  most 
important  question  on  this  subject,  which  has  twice  been  put  by 
Soemmerring.  After  stating  the  opinion  that  the  use  of  the  ganglia 
is  to  place  certain  parts  out  of  the  power  of  the  will,  or  to  change 
voluntary  into  spontaneous  motions,  he  asks  why  the  spinal  ganglia 
are  formed  only  on  the  posterior  roots — "  Qua  causa  est,"  says  he, 
*'  cur  in  radice  posteriore  tantum  nervorum  spinalium  ganglia  inve- 
niuntur,  minime  autem  in  priore  ?  "  And  again,  "  Cur  radix  prior 
nervorum  spinse  medullse,  adeo  vicina,  ganglia  non  immiscitur?" 
The  obvious  answer  to  these  two  questions  is,  that  the  anterior 
roots,  as  stated  above,  have  nothing  to  do  with  motion — are  those 
of  sensation  alone;  while  the  posterior,  being  those  of  motion,  it 
is  on  them  alone  that  ganglia  can  be  necessary  to  impede  the  im- 
pulse of  the  will,  or  to  change,  in  some  of  their  fibrils,  voluntary 
into  involuntary  motion. 

Now  as  in  this  situation,  ganglia  impede  voluntary  motion,  so  in 
others  do  they  impede  sensation,  and  prevent  the  brain  being  dis- 
turbed by  all  the  impressions  on  the  viscera,  which  would  have  been 
incompatible  with  thought.  Such,  then,  are  the  ganglia  of  the 
viscera,  &c. ;  for  wherever  the  anterior  spinal  branch  communicates 
with  the  great  sympathetic,  there  is  a  ganglion  at  the  place  of  this 
union.  Thus  there  are  ganglia  of  sensation  as  well  as  ganglia  of 
motion  ;  and  these  ganglia  are  always  as  near  as  possible  to  the 
origins  of  their  respective  nerves  : — in  other  words,  as  these  sensitive 
or  ascending  nerves  originate  from  the  internal  surfaces  of  the  body, 
their  ganglia,  which  prevent  sensation  reaching  the  sensorium  com- 
mune and  becoming  perception,  are  placed  nearer  to  their  system — 
the  great  sympathetic  nerve,  and  the  organs  from  which  they  arise; 
and  as  the  motive  or  descending  nerves  originate  from  the  cere- 
bellum, their  ganglia,  which  prevent  volition  reaching  certain 
muscular  parts,  are  placed  nearer  to  their  system  —  the  cere- 
bellum, &c.  That  the  ganglia  are  admirably  adapted  thus  to 
impede  sensation,  as  I  have  stated,  and  volition  as  conjectured  by 
Johnstone,  and  confirmed  by  these  remarks,  is  evident  from  the 
observation  of  Cuvier,  that  the  ganglia  of  red-blooded  animals  do 
not  differ  much  from  nervous  plexus ;  that  even  the  simple  ganglia, 
or  those  formed  by  a  single  nerve,  are  resolved  by  maceration  into 
several  filaments  which  anastomoze  together  ;  and  that  in  the  crus^ 
tacea,  insects,  and  worms,  the  ganglia  are  mere  homogeneous  en- 
largements of  the  medullary  cord  to  which  they  belong.  All  of 
these  circumstances  are  well  adapted  to  impede  the  motion  which 
takes  place  in  them — a  motion,  however,  which  is  only  of  this 
kind,  that  each  globule  communicates  its  impulse  to  a  succeeding 
one ;  and,  as  the  last  of  a  series  of  globules  must  thus  move  the 
instant  that  the  first  is  impelled,  the  extreme  velocity  of  nervous 
action  is  thus  conceivable.    It  does  not  follow,  however,  that  all  the 
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fibrils  of  nerves  on  which  ganglia  are  formed  belong  to  impeded 
sensation  or  impeded  (involuntary)  motion  ;  for,  in  the  ganglia, 
many  nervous  fibrils  are  seen  running  over  the  whole  length  of  the 
ganglion,  and  forming  no  involvement  with  it.  This  circumstance 
of  there  being  two  kinds  of  ganglia  will  be  found  to  obviate  many 
difficulties  which  have  hitherto  attended  the  physiology  of  tliese 
bodies. 

The  leading  heads,  then,  of  this  new  system  of  the  intellectual 
functions  are  as  follows  : — 

1.  That  the  nerves  of  sensation  arise  in  the  organs  of  sense,  and, 
hy  means  of  the  anterior  fibrils,  terminate  in  the  anterior  columns 
of  the  spinal  marrow. 

2.  That  those  nerves  of  sensation  which  do  not  terminate  in  these 
columns,  pass  directly  to  the  cerebrum. 

3.  That  the  anterior  columns  of  the  spinal  marrow  terminate  also 
in  the  anterior  part  of  the  cerebrum. 

4.  That  these  nerves  and  columns  are  the  sensitive  or  ascending 
nerves  and  columns. 

5.  That  it  is  in  this  way  that  sensation  becomes  perception,  and 
that  are  excited  in  the  cerebrum  the  faculties  analysed  by  Gall  and 
Spurzheim. 

6.  That  the  cerebral  influence  passes  to  the  cerebellum  by  means 
of  the  corpora  striata  posteriora  or  thalami,  the  anterior  peduncles  of 
the  cerebellum,  &c. 

7.  That  the  cerebellum  is  the  organ  which  gives  impulse  to  all 
muscular  motion,  voluntary  and  involuntary. 

8.  That  the  posterior  colunms  of  the  spinal  marrow  originate  in 
the  cerebellum. 

9.  That  from  the  cerebellum  arise  also  several  nerves  of  volition. 

10.  That  those  nerves  of  volition  which  do  not  arise  directly 
from  the  cerebellum,  spring  from  the  posterior  columns  of  the 
spinal  marrow  by  means  of  the  posterior  fibrils. 

11.  That  these  nerves  and  columns  are  the  motive  or  descending 
nerves  and  columns. 

12.  That  as  there  are  two  great  encephalic  organs,  two  anterior 
and  two  posterior  columns  of  the  spinal  marrow,  and  two  series  of 
nerves,  so  there  are  two  series  of  ganglia — ganglia  on  the  sensitive 
and  ganglia  on  the  motive  nerves. 

13.  That  the  intensity  of  the  intellectual  functions  is  as  the 
length  of  their  organs,  and  the  permanence  of  these  functions  as 
tiie  breadth  of  their  organs. 

I  believe  that  not  one  of  these  statements  were  ever  made  by  any 
one  before  they  were  made  either  here  or  elsewhere  by  myself;  but 
should  any  of  them  have  been  previously  made  on  any  rational 
ground,  1  shall  feel  no  pain  in  resigning  the  merit  or  demerit  of 
their  discovery  to  its  proper  author.  Still  less,  of  course,  has  the 
general  system  which  I  now  advance  been  thought  of  by  any  one. 

It  appears,  then,  that  there  is  a  species  of  circulation  in  the 
nervous  system,  of  which  I  have  sketched  the  general  course,  as 
curious  and  admirable  as  that  which  exists  in  the  vascular  (the 
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centre  of  the  one  being  the  heart,  and  of  the  other  the  Ijead) ;  and 
that  there  is  scarcely  any  point  of  the  body  which  this  cin-le  does 
not  involve  and  rest  on,  since  from  almost  e\cr\'  point  ascends 
impression  to  the  cerebrum  by  a  nerve  of  sensation,  the  anterior 
nervous  roots,  and  the  anterior  columns  of  the  spinal  marrow  ;  and 
to  each  returns  expression  from  the  cerebellum  by  the  posterior 
columns,  the  posterior  nervous  roots,  and  the  nerves  of  volition. 
Nothing  perhaps  more  than  this  beautiful  correspondence  between 
the  vital  and  intellectual  systems  is  calculated  to  raise  the  mind  to 
him  of  whom  the  wisdom  is  testified  by  all  that  lives,  from  the  most 
simple  to  the  most  complex  of  beings — from  the  polyp  which  can 
boast  no  other  organ  than  a  stomach,  to  man  who  has  an  intellectual 
system  thus  wonderfully  complex  and  beautifully  symmetrical. 

Having,  Sir,  been,  long  engaged  in  dissections  of  the  brain  of 
fishes,  amphibia,  and  birds,  in  order  further  to  illustrate  and  esta- 
blish these  important  truths,  1  shall,  on  their  conclusion,  be  happy 
to  communicate  them  through  the  medium  of  your  Journal.  But 
you  will  excuse  my  in  future  not  replying  to  statements  so  hastily 
made  as  those  in  answering  which  I  have  been  reluctantly  com- 
pelled to  occupy  so  much  of  your  present  number — statements  in 
which  a  confident  reference  is  made  to  a  book  for  a  doctrine  which 
that  book,  on  the  contrary,  most  pointedly  contradicts  ;  and  to  the 
animal  body  for  a  structure  which  has  no  other  foundation  than  in 
the  writer's  mistaking  the  branches  of  a  nerve  for  its  roots. 
I  am,  Sir,  with  great  respect, 

Your  most  obedient  servant, 

Alexander  Walker. 
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A  Memoir  on  Iodine.     By  M.  Gay-Lussac, 

(Continued  from  vol.  v.  p.  413.) 

Observations  on  Chlorine. 

The  analogy  which  I  have  established  between  chlorine,  sul-r 
phur,  and  iodine  may  Serve  to  throvir  some  light  on  some  of  the 
combinations  of  chlorine,  as  I  shall  endeavour  here  to  show. 

M.  Thenard  and  myself  were  the  first  persons  who  showed  by  a 
numerous  series  of  experiments,  that  oxymuriatic  acid  might  be 
considered  as  a  simple  substance,  as  there  was  no  direct  means  of 
showing  the  presence  of  oxygen  in  it.  We  had  even  given  this 
hypothesis  at  full  length,  in  a  memoir  which  we  read  to  the  Society 
of  Arcueil,  on  the  26th  of  February,  1809 ;  but  it  appeared  so 
extraordinary,  that  M.  BerthoUet  prevailed  upon  us  to  state  it  with 
the  greatest  reserve.  In  fact,  though  Davy  has  announced  in  his 
memoir  on  oxymuriatic  acid,  that  this  hypothesis  Imd  been  ad- 
vanced by  Scheele,  it  was  entirely  new,  and  it  appeared  extra.- 
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ordinary  only  because  It  was  in  opposition  to  a  manner  of  thinking 
fortified  by  long  habit  and  by  many  good  experiments.  It  was 
making  a  great  step  towards  the  knowledge  of  the  real  nature  of 
oxvmuriatic  acid,  to  have  questioned  the  received  opinions  respect- 
ing the  nature  of  this  acid  :  for  it  is  much  easier  to  find  a  new  truth 
than  to  detect  an  old  error.  And  we  claim  it  as  our  own  property, 
that  we  first  perceived  that  oxymuriatic  acid  might  be  considered  as  a 
simple  body.  Davy,  in  adopting  the  conclusion  which  we  had 
drawn  from  our  experiments,  has  added  nothing  to  its  certainty ; 
but  we  must  admit  that  he  has  illustrated  it  at  great  length,  and  by 
the  influence  of  his  great  abilities,  has  contributed  very  much  to 
propagate  it.  I  ought  to  observe,  however,  that  M.  Dulong  and 
M.  Ampere  had  adopted  it  long  before  Davy,  and  that  1  myself 
had  always  stated  it  as  the  most  probable  opinion,  in  the  courses  of 
chemistry  which  I  delivered  at  the  Polytechnic  School.  At  present 
the  discovery  of  iodine  appears  to  have  fixed  the  opinion  of  the 
French  chemists  on  the  nature  of  oxymuriatic  acid.  I  shall  there- 
fore refrain  from  all  discussion  on  the  subject. 

Admitting  then  that  oxymuriatic  acid  is  a  simple  body,  it  be- 
comes in  the  first  place  necessary  to  introduce  a   modification  into 
the  proportions  of  the  muriates.     But  as  this  does  not  follow  imme- 
diately, from  oxymuriatic  acid  being  a  simple  substance,  it   may 
be  necessary  to  justify  it.     Admitting  a  muriate  to  be  a  combina- 
tion of  muriatic  acid  and  an  oxide,  it  is  possible  that  the  hydrogen 
of  the  acid  and  the  oxygen  of  the  oxide  may  not  form   water;  but 
may  remain  in  the  salt.     I  exposed  in  succession  barytes,  strontian, 
lime,  and  oxide  of  zinc,  to  the  action  of  dry  hydrochloric  gas,  in 
a  glass  tul>e,  to  a  temperature  approaching  to  a  red  heat,  and  I 
always  obtained  a  great  deal  of  water.     To  verify  the  same  fact  on 
potash,  I  put  about  a  granime  of  potassium  in  a  platinum  crucible, 
melted  it,  and  plunged  it  into  a  glass  vessel  filled  with  hydrochloric 
gas.     When  the  combination  appeared  complete,  I   weighed  the 
crucible  exactly,  and  then  poured  water  on  the  salt,  wiiich  occa- 
sioned no  eftervescence.    The  salt  beeng  dried  in  a  low  temperature, 
was  found  not  to  have  increased  in   weight,  nor  after   being  fused 
was  it  found  to  have  lost  any  thing.     We  ought  then  to  admit  it  as 
a  certain  fact,   that  the   muriates  are  all  changed  into  chlorurets 
when    melted,  or  even   dried,  and  some  of  them  even   by  being 
crystallized.     We  may  suppose,  as  we  have  done  for   the  iodurets, 
that  the  chlorurets  dissolve  in  water  without  undergoing  decompo- 
sition, and  that  when  we  unite  hydrocliloric  acid  with  an   oxide, 
the  liydrogen  of  tlie  acid  and  the  oxygen  of  the  oxide  form  water.* 
Whetlier  this  be  the  ca^e  or  not,  nothing  but  chlorurets  exist  at  a 
red  heat.     If  is  therefore  of  these  compf)unds  that  it  Is  necessary  to 
determine  tlie  I'roporiious. 

I  liave  found  (Mem.  d'Arcueil,  ii.  168)  that  100  parts  of  silver 
take  7'6  of  oxygen.  Ber/elius  instead  oi'  that  number  gives  'J'A'I. 
'J'hough  it  be  difficult  to  say  wliich  is  most  exact,  1  shall  adopt  this 

♦  See  Note  A. 
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last  number,  and  will  admit  further  with  Berzelius,  taking  the 
mean  of  his  results  that  1 00  parts  of  muriatic  acid  free  from  water 
combine  with  42492  oxide  of  silver.*  Now  these  424-y2  of 
oxide  are  composed  of  395*50  of  silver,  and  29*42  of  oxygen. 
And  since  in  the  muriate  the  silver  is  in  the  metallic  state,  we  must, 
in  order  to  have  the  weight  of  the  chlorine,  add  that  of  the  oxy- 
gen to  the  weight  of  acid  which  we  supposed  to  be  combined  with 
the  oxide.  We  shall  thus  obtain  for  the  composition  of  chloruret 
of  silver 

Chlorine    100  +   29*42  =z   129*42 

Silver 395*50 

Or         Chlorine 100 

Silver 305*59 

Thus,  having  the  proportions  of  the  muriates,  we  must,  in  order 
to  obtain  those  of  the  chlorurets,  add  to  the  quantity  of  muriatic 
acid  that  of  the  oxygen  supposed  to  be  combined  with  the  base. 

According  to  the  preceding  ratio,  and  the  composition  of  muriate 
of  potash,  as  found  by  Berzelius,  namely  : 

Muriatic  acid 36*566 

Potash 63*434 

The  chloruret  of  potassium  is  composed  of 

Chlorine    . . . , 100- 

Potassium 111-310 

And  potash  of 

Potassium 100 

Oxygen 20*425 

I  have  adopted  this  last  proportion,  which  differs  but  little  from 
that  obtained  directly  by  M.  Tbenard  and  myself. 

We  find  likewise  from  the  same  data,  that  the  ratio  of  oxygen 
to  chlorine  is  that  of  10  to  43*99,  or  in  round  numbers  10  to  44. 
It  is  therefore  nearly  three  times  as  great  as  that  of  oxygen  to 
iodine.  If  from  the  ratio  of  oxygen  to  iodine  and  chlorine  we 
seek  the  density  of  chlorine,  on  the  supposition  that  that  of  iodine 
is  8-6095,  as  we  found  it  above  ;  we  find  that  it  is  2*427,  instead  of 
2*421,  which  was  deduced  from  the  supposition  that  the  specific 
gravity  of  hydrochloric  gas  is  1*247. 

The  great  analogy  which  I  found  between  iodine  and  chlorine 
ought  naturally  to  lead  me  to  believe  that  the  salts  known  by  the 
name  of  hyper-oxymuriates,  are  analogous  to  the  iodates ;  that  is 
to  say,  that  they  are  combinations  of  the  alkali,  with  an  acid  com- 
posed of  oxygen  and  chlorine. 

It  is  easy  to  see  that  on  this  hypothesis  the  acid  cannot  be  the 
gas  found  by  Davy,  and  called  by  him  euchlorine.  Chemists  are 
nearly  agreed  that  100  parts  of  hyper-oxy muriate  of  potash,  wh^n 

«  I  found  418-2.  Mem.  d'  Arcueil,  ii.  168. 
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decomposed  by  heat,  give  out  about  38'S8  of  oxygen,  and  that 
there  remain  61"  12  of  what  has  been  considered  as  neutral  muriate 
of  potash;  but  which  is,  in  fact,  chloruret  of  potassium.  From 
the  proportions  given  above,  the  61*12  contain  28'924  chlorine, 
and  32- 196  potassium.  Now  this  quantity  of  potassium  would 
take  6*576  of  oxygen  to  convert  it  into  potash.  There  remain,  of 
consequence,  38-88  —  6-576  =  32-304  for  the  28-924  of  chlo- 
rine ;  hence  the  acid  which  I  suppose  to  exist  in  hyper-oxymuriate 
of  potash  must  be  composed  of 

Chlorine 100 

Oxygen   11 1-68 

and  the  oxygen  will  be  to  the  chlorine  in  a  proportion  five  times 
greater  than  that  which  I  have  already  given.  It  desei-ves  attention 
that  the  proportion  in  weight  of  the  potassium  in  the  chloruret, 
ioduret,  and  sulphuret,  is  nearly  the  same  as  that  of  the  oxygen 
in  the  chloric,  iodic,  and  sulphuric  acids. 

According  to  Davy  euchlorine  gas  contains  one  volume  of  chlo- 
rine and  half  a  volume  of  oxygen;  and  taking  2*421  for  the  spe- 
cific gravity  of  chlorine,  we  find  that  euchlorine  is  composed  by 
weight  of 

Chlorine 100 

Oxygen    22*79 

This  last  number,  multiplied  by  5,  gives  113*95,  and  though  It 
differs  from  111-68,  we  may,  notwithstanding,  conclude,  that  the 
acid  existing  in  the  hyper-oxymuriates,  which  I  shall  henceforth 
call  chloric  acid,  contains  five  times  as  much  oxygen  as  euchlorine 
gas. 

If  we  dissolve  chloruret  of  potassium  (composed  of  100  chlorine 
and  111-31  potassium)  in  water,  and  suppose  that  the  water  is  de- 
composed, we  will  have  hydro-chlorate  of  potash,  admitting  the 
oxygen  to  combine  with  the  potassium  and  the  hydrogen  with  the 
chlorine.  But  if  we  suppose  the  oxygen  to  unite  with  the  chlorine, 
we  form  exactly  euchlorine  gas.  I  consider  this  gas  formed  by  the 
combination  of  two  parts  in  volume  of  chlorine  and  one  of  oxygen, 
as  analogous  to  the  protoxide  of  azote,  which  contains  two  volumes 
of  azote  and  one  of  oxygen.  Hence  I  propose  to  distinguish  it  by 
the  name  of  oxide  of  chlorine.  We  may  likewise  distinguish  by 
the  names  of  oxide  of  sulphur  and  oxide  of  iodine,  combinations 
of  sulphur  and  iodine  with  oxygen,  in  the  same  proportions  In 
volume.  The  first  gives  by  weight  about  10  oxygen  and  20  sul- 
phur; the  second  10  oxygen  and  156-21  iodine.  I  think  It  very 
probable  that  chlorous  and  iodous  acids  exist  analogous  to  the  sul- 
phurous and  nitrous,  which  ought  to  be  composed  of  one  volume 
of  chlorine  or  vapour  of  iodine,  and  1*5  of  oxygen. 

It  appears  to  me  demonstrated  from  the  quantity  of  oxygen  in 
oxide  of  chlorine,  that  this  oxide  does  not  exist  in  the  hyper- 
oxymuriates.      Davy,  however,  is  of  a  different  opinion,   for  he 
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says  tliat  "  euchlorine  produces  the  phenomena  which  Chencvix  in 
his  paper  on  oxymuriatic  acid  ascribes  to  hjper-oxymuriatic  acid  :" 
and  that  "  it  is  probably  combined  with  the  peroxide  of  potassium 
in  the  hyper-oxymuriate  of  potash."  But  I  shal'  demonstrate  that 
this  is  not  the  case.* 

We  must  admit  it  as  an  incontestable  principle,  establi  hed  by 
BerthoUet,  that  an  acid  put  into  a  saline  solution  acts  on  the  base 
of  the  salt,  and  separates  a  portion  of  it  from  its  acid.     This  prin- 
ciple holds  especially  with  the  strong  acids  when  brought  in  com- 
petition with  the  weak  acids.     On  the  other  side,  we  must  recollect, 
that  peroxide  of  potassium  does  not  combine  with   sulphuric  acid, 
and  that  as  soon  as  these  two  bodies  are  brought  in  contact,  oxygen 
is   disengaged.     Hence,  if  hyperoxymuriate  of  potash  were  pro- 
duced by  the  combination  of  euclilorine  with  peroxide  or  potash, 
there  ought  to  be  disengaged  oxygen  gas,  when  diluted  sulphurio 
acid  is  poured  into  a  solution  of  this  salt.     Since  at  least  the  euchlo 
rine,  a  gaseous  oxide,  whose  acid  properties,  if  it   has  any,  are 
very  weak,  will  be  partly  separated  by  the  sulphuric  acid,  and  this 
acid   is   incapable  of  dissolving  peroxide   of  potassium.     But   no 
oxygen  is  disengaged,  and  consequently  the  potassium  is  not  in  tlici 
state  of  peroxide  in   hyper-oxymuriate  of  potash.     Besides,  even 
supposing  potash  super-oxygenated  in  the  hyperoxymuriate,  it  ought 
to  contain  five  times  its  usual  quantity  of  oxygen,  a  conclusion 
which  it  would  be  very  difficult  to  admit.     The  fact  is,  that  potas- 
sium is  in  the  same  degree  of  oxydation  in  the  hyper-oxymuriato 
as  in  the  suljihate,  as  1  shall  now  demonstrate,  by  giving  an  afccburit 
of  the  real  acid  which  forms  the  fulminating  salts  of  chlorine. 

In  consequence  of  the  above  considerations,  I  was  led  to  believe, 
that  since  sulphate  of  barytes  is  insoluble,  and  barytes  is  not  super- 
oxydated  in  tliis  salt,  if  sulphuric  acid  be  put  into  the  hyper-oxy- 
muriate of  barytes,  it  would  be  easy  to  see  if  oxygen  be  disengaged, 
and  perhaps  even  to  obtain  chloric  acid.  I  accordingly  prepared  a 
certain  quantity  of  this  salt,  employing  the  ingenious  process  of 
Mr.  Chenevix,  and  I  obtained  it  easily  in  fine  rhomboidal  prisms, 
quite  exempt  from  muriate.  Into  a  diluted  solution  of  this  salt  I 
poured  weak  sulphuric  acid.  Though  1  only  added  a  few  drops  of 
acid,  not  nearly  enough  to  saturate  the  barytes,  the  liquid  became 
sensibly  acid,  and  not  a  bubble  of  oxygen  escaped.     By  continuing 


•  In  a  precedin<^  memoir  on  oxymuriaiic  acid,  Davy  appears  to  doubt  the 
existence  of  an  atid  in  the  hyper-oxymuriates.  He  expresses  himself  in  this 
manner.  "  If  we  consider  wiih  attention  the  facts  concerning  the  hyper-oxy- 
muriate of  potasii,  we  can  only  consider  it  as  a  triple  compound  of  oxymuriatic 
acid,  potassium,  and  oxygen.  We  have  no  sufficient  motive  to  conclude  that  any 
particular  acid  exists  in  that  body,  or  that  it  contains  .1  considerable  quantity  of 
wafer.  It  is  perhaps  more  conformable  to  chemical  analogy,  to  suppose  the  great 
qoautity  of  oxyaen  io  be  combined  with  the  potassium,  tlie  very  great  affinity  of 
which  for  oxygen  we  know,  rather  than  to  consider  this  qnanfily  of  oxygen  as  in  a 
slale  of  combination  with  the  oxymuriatic  acid,  which,  as  fur  as  we  know,  has  u<i 
affinity  fur  that  subjiauce.  And  from  some  experiments,  1  am  induced  to  believe 
that  potassium  may  combioe  directly  with  more  oxygen  tlian  e-iitts  in  j>otftsh." 
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to  add  sulphuric  acid  with  caution,  I  succeeded  in  obtaining  an 
acid  liquid  entirely  free  from  sulphuric  acid  and  barytcs,  and  not 
precipitating  nitrate  of  silver.  It  was  chloric  acid  dissolved  in 
water.     Its  characters  are  tiie  following. 

This  acid  has  no  sensible  smell.     Its  solution  in  water  is  perfectly 
colourless.     Its  taste  is  very  acid,  and   it   reddens   litmus   withoii't 
destroying  the  colour.     It   produces   no  alteration   on   solution   of 
indigo  in  sulphuric  acid.     Light  does  not   decompose  it.     It  may 
be  concentrated  by  a  gentle  heat  without  undergoing  decomposition, 
or  without  evaporating.     I  kept  it  a  long  time  exposed  to  tiie  air, 
without  perceiving  that  its  quantity  diminished  sensibly.     When 
concentrated  it  has  somewhat  of  an   oily  consistency.     When  ex- 
posed to  heat  it  is  partly  decomposed  into  oxygen  and  chlorine,  and 
partly  volatilized  without  alteration.     Hydrochloric  acid  decomposes 
it  in  the  same  way  at  the  common  temperature.     Sulphurous  and 
hydro-sulphuric  acids  have  the  same  property;  ',ut  nitric  acid  pro- 
duces no  change  upon  it.     I  combined  it  with  ammonia,  and  ob- 
tained a  very  fulminating  salt,  announced  for  the  first  tiine  by  Mr. 
Chenevix.     With  potash  I  produced  hyper-oxymuriate  with  all  its 
characters.     It  does  not  precipitate  nitrate  of  silver  nor  any  other 
metallic  solution.     It  readily  dissolves  zinc,  disengaging  hydrogen  j 
but  it  appeared  to  me  to  act  slowly  on  mercury.*     This  acid  with- 
out doubt  cannot  be  obtained  in  the  gaseous  state.     As  it  contains 
five  times  as  much  oxygen  as  the  oxide  of  chlorine,  which   is  so 
easily  decomposed,  we  cannot  doubt   that  it  is  the   water   which 
i^eeps  its  elements  united,  as  is  the  case  with   nitric  and  sulphuric 
acids.     In  this  point  of  view  the  water  acts  the  same  part  as  the 
salifiable  bases.     But  as  it  does  not  neutralize  the  bodies  which  it 
holds  in    solution,  on  account   of  the  perfect  equilibrium    which 
exists  between  the  acidifying  properties  of  the  oxygen  and  the  alka- 
lifying  properties  of  the  hydrogen,  and  because  its   affinities  are 
much  weaker  than  those  of  the  bases,  it  serves  merely  to  unite  the 
elements,  and  allows  us  to  study  the  characters  of  the  combinations 
which  it  forms,  as  if  they  were  independent  of  its  presence. 

The  theory  of  the  chlorates  will  not  now  present  any  difficulty. 
They  are  salts  formed  by  the  combination  of  chloric  acid  with 
bases,  and  are  entirely  analogous  to  the  iodates.  Some  obscurity, 
however,  may  remain  about  the  circumstances  of  their  formation, 
vvhen  an  alkaline  solution  is  saturated  with  chlorine.  I  shall  there- 
fore endeavour  to  throw  some  light  on  the  subject.  1  shall  com- 
raence  by  determining  theoretically  the  ratio  of  the  quantities  of 
chloruret  of  potassium  and  chlorate  of  potash  which  form  at  the 
same  time,  and  then  I  shall  inquire  if  it  agrees  with  that  which 
experience  gives. 


*  ''  '■'  omiJosed  of  1  volume  of  chlorine  and  2-5  of  oxvsen,  or  by  weight  of 
100  clilorine  and  1 13-95  oxygen,  siippoiing  the  specific  gravity   of  chlorine  to  be 
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I  have  already  remarked,  that  from   100  parts  of  chlorate  of 
potash  we  may  obtain  38*88  of  oxygen  and  61 -12  of  chloruret  of 
potassium,  and  that  this  chloruret  is  composed  of  28*924  chlorine, 
and  32*  196  metal.     Further,  as  1  have  demonstrated  that  potassium 
is  in  the  state  of  potash  in  the  chlorate,  we  must  give  it   6-576  of 
the  38*S8  of  oxygen.     There  will  remain  32*804  to  convert  the 
28*924  of  chlorine  into  chloric  acid.     But  what  hypothesis  soever 
we  adopt  with  respect  to  tlye  existence  of  the  hydrochlorates,  the 
oxygen  can  only  have  been  furnished  to  the  chlorine  either  by  the 
potash  or  the  water.     On  the  first  supposition  there  will  be  formed 
evidently  a  quantity  of  chloruret  of  potassium,  proportional  to  the 
quantity  of  oxygen  which  the  potash  has  furnislied  to  the   chlorine. 
And  as  that  obtained  from  the  decomposition  of  the  chlorate  is 
neutral,  and  that  it  is  equally  proportional  to  the  oxygen  which  its 
potassium  would  take  to  be  converted  into  potash,  we  see  that  the 
quantity  of  chloruret  of  potassium  which  forms  at  the  same  time 
with  the  chlorate,  will  be  to  that  of  the  chloruret  obtained  from 
the   decomposition  of  the  same  chlorate,  as  32*304  to  6*576,  or 
nearly  as  5  to  1 ;  and  the  quantity  of  chlorate  will  be  to  that  of 
,  the  chloruret  formed  at  the  same  time  as  100  to  S00*2. 

On  the  second  supposition  such  a  quantity  of  water  will  be  de- 
composed, that  there  will  result  32*304  of  oxygen  for  the  chlo- 
rine, that  is  to  say,  36*59,  and  the  corresponding  hydrogen  will 
form  with  the  chlorine  hydrochloric  acid,  which  will  saturate  the 
potash.     We  will  then  have  for  the  proportion  of  chlorate  to  hydro- 
chlorate,  100  to  300*2  +  36*59;  or   100  to  336*79.     We  must 
suppose  that  the  hydrochlorate  remains  in  solution  in  water  ;  for  I 
have  demonstrated,  that  as  soon  as  the  water  is  removed,  even  by  a 
▼ery  gentle  evaporation,  it  is  converted  into  chloruret  of  potassium. 
The   proportion  of  100   chlorate  to  300*2   chloruret,    which  1 
have  just  determined  is  very  different  from  that  found  by  expe- 
rience.    Mr.  Chenevix,  in   his  paper  on  oxymuriatic  acid  (Phil. 
Trans,  xcii.  132)  finds  that  there  are  formed  16  parts  of  chlorate 
for  84  of  chloruret.     Correcting  this  ratio  from  his  data,  and  the 
results  which  1   have  just  established,  I  find  14*4  of  chlorate  to 
85-6  of  chloruret,  or  100  to  595*4.     M.  Berthollet  (Stat.  Chim. 
ii.  198)  says,  that  he  obtained  a  proportion  still  weaker.     If  these 
proportions  were  nearly  exact,  it  would  follow,  that  we  have  not 
attended  to  all  the  circumstances  which  accompany  the  formation  of 
chlorate  and  chloruret ;  for  otherwise  what  hypothesis  soever  we 
adopt,  the    proportions  of  chlorate  to    chloruret  and    to    hydro- 
chlorate,  cannot  differ  from  those  which  1  have  just  established, 
supposing  the  data  correct  from  which  I  set  out.     To  determine 
this  point  I  made  the  following  experiments. 

1  passed  chlorine  into  a  somewhat  concentrated  solution  of  potash, 
till  it  refused  any  longer  to  dissolve  in  it.*     The  liquid  was  green- 

*  It  has  been  believed  that  the  property  which  the  chlorates  have  of  being 
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ish,  and  had  a  strong  odour  of  chlorine,  which  it  lost  when  heated. 
I  observed  that  during  this  process  a  little  oxygen  was  disengaged, 
and  the  liquid  became  alkaline.     Having  evaporated  it  to  dryness, 
I  put  a  certain  quantity  of  the  residual  saline  mass  into  a  small  glass 
retort,   to  the  beak  of  which  was  ntted  a  syphon-shaped  tube,  rising 
to  the  upper  part  of  the  vessel  in  which  the  oxygen  gas  was  collected. 
I  heated  the  retort  gradually  nearly  to  redness.     When  no  more 
oxygen  was  disengaged,  and  when  the  apparatus  had  sunk  to  its 
original  temperature^  I  brought  the  water  in  the  jar  to  a  level  with, 
that  in  the  cistern,  and  withdrew  the  tube  which  had  conducted  the 
gas  into  the  jar.     By  this  method,  the  oxygen  which  ren.ained  in 
the  tube  and  retort  was  replaced  by  an   equal  quantity  of  common 
air.     Knowing  the  quantity  of  oxygen  disengaged,  and  of  chloruret 
remaining  in  the  retort,  it  was  easy_,  on   the  supposition   that  JOO 
parts  of  chlorate  coutain  3S-88  of  oxygen,  to  determine  the  quan- 
tity of  chlorate  of  potash  mixed  at  first  with  the  chloruret  of  potas- 
sium, and  to  calculate  the  ratio  of  the  one  to  the  other.     By   this 
method  I  found  that  100  of  chlorate  corresponded  in   this  mixture 
to  356'5  of  chloruret.     On  suturating  with  chlorine    a  solution  of 
potash  more  concentrated  than   the  precedinvr,  the  proportion  of 
chlorate  to  chloruret  was  still  found  sensibly  the  same.     But  when 
the  potash  was  dissolved  in  about  30  times  its  weight  of  water,  the 
ratio  of  the  chlorate  to   the   chloruret  was  then    lOO  to  512.     It 
results  then  from   these  experiments,  that   the  more  concentrated 
the  potash  is,  the  more  chlorate  do  we  obtain  relatively   to  the 
chloruret;  but  that  the  ratio  always   differs  from   that  of  1    to  3, 
which  calculation  gives  us.     As   I  remarked  that  the  solution  of 
potash,  though    super-saturated   with  chlorine,    is   alkaline,  when 
the   excess  of  chlorine  is  disengaged  by  heat,  I  determined   the 
quantity  of  alkali  in  excess,  by  saturating  it  with  hydrochloric  acid 
of  a  given  strength.     By  this  means  I  reduced  the  ratio   of  100 
chlorate  to   356'5  chloruret,  to  that  of  100  to   349.     I  observe 
further,  that  oxygen   is  disengaged  when  we  heat  a  solution  of 
potash  saturated  with  chlorine,  and  even  during  the  saturation  of 
the  potash,  according  to  the  observation  of  M.  Berthollet.     But  as 
I  have  not  determined  the  quantity,  I  cannot  say  what  modification 
it  will  introduce  into  the  ratio.     However,  as  it  is  evident  that  on 
decomposing  by  heat  the  saline  mass  produced  by  the  saturation   of 
potash  with  chlorine,  we  must  obtain  a  quantity  of  oxygen   equal 
to  that  contained  in  the  alkali,  whether  chloric  acid  be  formed,  or 
any  other  combination  of  chlorine  and  oxygen,  we  cannot  ascribe 
to  any  other  causes  than  those  of  which  1  have  just  spoken,  the 


easily  decomposed  by  heaf,  and  of  burning  most  combustible  bodies,  depends   on 
the  clilorine  priiervjug  all  its  caloric  when  if  combines  with  potash.     As  a  proof. 
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difference  between  the  quantity  of  oxygen  which  1  ought  to  have 
obtained,  and  what  I  actually  obtained  by  experiment. 

The  action  of  chlorine  on  the  oxides  is  entirely  analogous  to  that 
of  iodine  ;  and  chloric  acid  is  produced  nearly  in  the  same  circum- 
stances as  iodic  acid.  Thus  we  obtain  with  peroxide  of  mercury 
and  chlorine,  chloruret  and  chlorate,  in  the  same  manner  as  with 
iodine  and  this  peroxide  we  form  ioduret  and  iodate  of  mer- 
cury. These  different  objects  require  new  researches,  and  it  is  to 
be  desired  tliat  they  may  fix  the  attention  of  chemists. 

The  chloruret  of  azote,  from  its  analogy  with  the  ioduret,  ought 
to  be  composed  of  three  parts  of  chlorine  and  one  part  of  azote  j 
but  Davy  instead  of  this  found  four  to  one.  When  we  see  azote 
forming  with  chlorine  and  iodine  very  fulminating  compounds,  u-e 
may  ask  whether  fulminating  gold  and  silver,  and  even  mercury, 
are  not  binary  combinations  of  azote  and  the  metal.  This  is  the 
more  probable,  as  gold,  silver,  and  mercur}',  having  very  little 
affinity  for  oxygen,  seem  by  this  property  to  approach  chlorine  and 
iodine. 

From  the  analogies  which  I  have  established  in  this  memoir,  the 
reader  must  be  convinced  that  oxygen,  chlorine,  and  iodine  do  not 
form  an  insulated  group  to  which  belong  exclusively  the  property 
of  acidifying.  We  have  seen  that  this  property  belongs  likewise  to 
sulphur  and  azote,  and  to  a  great  number  of  other  bodies.  How- 
ever, oxygen  may  be  always  considered  as  the  principal  acidifying 
substance,  both  from  the  energy  whh  which  it  possesses  it,  and 
from  the  numerous  acids  which  it  forms  ;  and  because  we  are  only 
able  to  employ  as  solvents  liquids  containing  oxygen  or  hydrogen, 
capable  of  changing  the  nature  of  the  compounds  which  they  dis- 
solve. Though  chlorine  does  not  disengage  oxygen  from  all  its 
combinations,  I  think  it  should  be  placed  before  it,  on  account  of 
the  energy  of  its  properties.  But  fluorine,  which  has  not  hitherto 
been  obtained  In  a  separate  state,  will,  without  doubt,  stand  before 
chlorine,  because  it  disengages  oxygen  from  all  its  combinations. 
It  is  to  M.  Ampere  that  we  owe  tlie  first  idea  that  fluoric  acid  is 
aoalogous  to  hydrochloric  acid  ;  that  is  to  say,  that  it  is  composed 
of  hydrogen  and  a  body  analogous  to  chlorine,  which  he  proposed 
to  call  fluorine.  Davy,  to  v;hom  he  communicated  that  theory  did 
not  adopt  it  nor  endeavour  to  verify  it  till  long  after,  when  M. 
Ampere  had  answered  his  objections. 

(3V  be  continue^,) 
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Article  VIII. 
Magnetical   Observations  at   Hackticy  JVick.     By  Col.  Beaufoy, 

Latitude,  5 1<=>  32' 40-3"  North.      Longitude  West  in  Time  6'VW 

1815. 


Month, 

Morning  Observ. 

Noon  Observ. 

Evening  Observ. 

Hour. 

Variation. 

Hour. 

Variation. 

Hour. 

Variation. 

June    18 
Ditto  19 
Ditto  20 
Ditto  21 
Ditto  22 
Ditto  23 
Ditto  24 
Ditto  25 
Ditto  26 
Ditto  27 
Ditto  28 
Ditto  29 
Ditto  30 

8h  50' 
8    40 
8    45 
8    40 
8     40 
8     15 
8    40 
8    40 
8    35 
8    30 
8     35 
8     20 
8     25 

24»  28'    03" 
24     18     25 
24     16    20 
24     16     18 
24     16    33 
24     16    40 
24     15    25 
24     13    39 
24     15     52 
24     16    51 
24     15    29 
24     15    08 
24     15     12 

Ih  30' 
1     20 
1     35 
1     55 
1     45 

1     30 
I     25 
1     20 

24°  27'   22" 
24     25     22 
24    27     36 
24    25    07 
24    24    42 

24    27     24 
24    SO    30 
24    31     45 

7''   15' 
7     05 
7     05 
7     05 
7     15 

7     00 

24°  18'   42" 
24     19    06 
24    20    05 
24     18     17 
24     18    46 

24     19     16 

7     05   24    20     56 
7     05   24    22     12 

7    nil  "/i    Qi    9o 

1     20 

24    25     10 

_    _ 

,         ___         ,      „ 

_    _    _ 

Mngnetical  Observations  continued. 
1815. 


M 

orning  Observ. 

Noon  Observ 

E 

<veni 

tig  Observ. 

Month 

1 

Hour. 

Variat 

ion. 

Hour. 

Variati 

on. 

Hour. 

Variat 

on. 

July 

8h 

15' 

24° 

14' 

13" 

]h 

40' 

24° 

27' 

23" 

7h 

05' 

24° 

IS' 

53" 

Ditto 

2 

8 

45 

24 

13 

56 

35 

24 

25 

15 

7 

10 

24 

19 

51 

Ditto 

.1 

8 

25 

24 

14 

39 

25 

24 

26 

04 

7 

00 

24 

18 

00 

Ditto 

4 

8 

15 

24 

14 

21 

— 

— 

— 

— 

— 

7 

10 

24 

19 

33 

Ditto 

5 

8 

35 

24 

13 

58 

50 

24 

25 

40 

7 

00 

24 

17 

26 

Ditto 

6 

8 

45 

24 

14 

08 

25 

24 

26 

52 

7 

00 

24 

18 

30 

Ditto 

7 

8 

35 

24 

16 

03 

— 

— 

— 







« 

_^ 

1      , 

Ditto 

8 

8 

25 

24 

16 

16 

25 

24 

26 

54 

7 

00 

24 

18 

04 

Ditto 

9 

8 

20 

24 

15 

15 

35 

24 

27 

10 

7 

05 

24 

18 

59 

Ditto 

10 

8 

30 

24 

15 

51 

20 

24 

24 

41 

7 

05 

24 

20 

39 

Ditto 

11 

8 

20 

24 

14 

48 

— 

— 

— 

— 

— 

7 

00 

24 

20 

51 

Ditto 

12 

8 

25 

24 

12 

53 

30 

24 

24 

16 

7 

20 

24 

17 

30 

Ditto 

13 

8 

35 

24 

15 

04 

25 

24 

26 

22 

7 

00 

24 

18 

52 

Ditto 

14 

8 

20 

24 

15 

06 

25 

24 

24 

37 

7 

00 

24 

20 

40 

Ditto 

15 

8 

30 

24 

17 

53 

25 

24 

25 

12 

7 

00 

24 

18 

15 

Ditto 

16 

8 

.S5 

24 

17 

25 

35 

24 

24 

03 

7 

00 

24 

19 

21 

Ditto 

17 

8 

40 

24 

16 

32 

15 

24 

25 

4C 

7 

00 

24 

19 

07 
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Analyses  of  Books. 
Comparison  of  Observations. 


[Aug. 


April. 


May 


r  Morning 

.^  Noon  ... 

(_  Evening. 


r  Morning 

J  Noon  . .. 

(^Evening. 


r  Morning 

June <  Noon  . . . 

I  Evening 


1813. 


24°  09'  IS" 

24  21  12 

24  13  25 

24  12  02 

24  20  54 

24  13  47 

24  12  55 

24  22  n 

24  16  04 


1814 

24° 

12' 

53" 

24 

23 

53 

24 

15 

30 

24 

13 

12 

24 

22 

13 

24 

16 

14 

24 

13 

10 

24 

22 

48 

24 

16 

29 

1815. 


24°  16'  01" 

24  27  42 

24  17  48 

24  16  32 

24  27  03 

24  19  12 

24  16  11 

24  27  18 

24  19  40 


In  deducing  the  nnean  of  observations  for  June,  the  variation  of 
the  morning  observation  of  the  18th  is  rejected,  on  account  of  its 
uncommon  greatness. 

!>-•     r  11      <  Between  noon  of  the  1st  June)  ,  „„_  .     ■ 

Ram  fallen  <„  .  <•  .i     i  .   t  i     ^  1*927  ineb. 

I  Between  noon  of  the  1st  July  J 

Evaporation  daring  the  same  period 2*9 


Article  IX. 

Analyses  ok  Books. 

Philosophical   Transactions    of  the  Royal  Society  of  Londouy 
for  the  Year  1814,  Part  II. 

This  part  contains  the  following  papers. 

I.  On  a  neu>  Principle  of  constructing  his  Majesty^ s  Ships  of  War, 
By  Robert  Seppings,  Esq.  one  of  the  Surveyors  of  his  Majesty's  Navy. 
— This  method,  which  appears  to  be  the  greatest  improvement 
introduced  into  ship-building  for  many  years,  consists  in  substituting 
triangular  or  oblique  beams  for  the  parallel  ribs  which  have  hitherto 
constituted  a  ship's  frame.  This  adds  prodigiously  to  the  stiffness 
and  strength.  The  intervals  between  these  beams  are  filled  by 
solid  pieces  of  wood  driven  in  and  calked  and  pitched,  so  that  the 
ship  would  swim  even  if  the  external  coating  of  planks  were  removed. 
This  method  renders  the  internal  coating  of  planks  unnecessary, 
and  this  adds  considerably  to  the  size  of  the  hold.  The  decks  are 
not  loose  as  was  the  case  in  the  old  system  ;  but  systematically  con- 
nected with  the  sides  of  the  ship,  so  as  materially  to  increase  the 
strength  of  the  whole. 

II.  Remarks  on  the  employmeyit  of  olilque  Riders,  and  on  other 
Alterations  in  the  Construction  of  Ships.  Being  the  Substance  of  a 
Report  presented  to  the  Board  of  Admiralty,  with  additional  De- 
monstratmis  and  Illustrations.  By  Thomas  Young,  M.D.  For. 
Sec.  R.  S.— In  this  paper  Dr.  Young  considers  in  the  first  place 
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the  different  forces  which  act  upon  a  ship  when  sailing,  and  the 
ettects  apt  to  be  produced  by  these  forces.  He  then  examines  the 
different  arrangements  of  Mr.  Seppings,  and  shows  that  Jiey  are 
all  improvements ;  though,  if  we  understand  him  right,  he  seems 
to  state  that  several  of  them  are  not  new. 

III.  Some  further  Observations  o/t  Atmospherical  Refraction.  By 
Stephen  Groombridge,  Esq.;  F.R.S. — In  a  preceding  volume  of 
the  Transactions  Mr.  Groombridge  published  a  paper  on  this  im- 
portant suDJect,  giving  a  formula  for  the  mean  refraction  down  to 
80°  from  the  zenith,  deduced  from  his  own  observations.  He  has 
since  continued  his  observations  and  determined  the  refraction  as 
low  down  as  87°,  the  trees  in  Greenwich  Park  preventing  hinx 
from  observing  stars  any  nearer  the  horison.  He  has  made  some 
alterations  in  his  pi^eceding  formula.  The  paper  concludes  with  a 
table  of  the  mean  refraction  from  the  zenith  to  the  horizon. 

IV.  Propositions  containing  some  Properties  of'  Tangents  to 
Circles  :  and  of  Trapeziums  inscribed  in  Circles,  and  non-inscribed. 
Together  with  Propositions  on  the  Elliptic  Representatioiu  of  Circles 
upon  a  Plane  Surface  by  Perspective.  By  Richard  Hey,  LL.  D. 
late  Fellow  of  Sidney  Sussex,  and  Magdalen  Colleges  in  the  Uni- 
versity of  Cambridge, — It  is  not  in  our  power  to  give  any  intel- 
ligible account  of  this  curious  paper  to  our  readers  without  the 
assistance  of  figures,  and  without  introducing  demonstrations  not 
quite  consistent  with  the  nature  of  a  review.  We  must  therefore 
refer  those  who  wish  to  study  the  subject  to  the  paper  itself. 

V.  On  the  neiu  Properties  of  Light  exhibited  in  the  Optical 
Phenomena  of  Mother-of -Pearl  and  other  Bodies,  to  which  the 
supeifcial  Structure  of  that  Szibstance  can  he  communicated.  By 
David  Brewster,  LL.D.  F.R.S  Edin.  and  F.S.A.  Edin.— The 
beautiful  play  of  colours  exhibited  by  mother-of-pearl,  has  been 
always  ascribed  to  its  laminated  structure.  Dr.  Brewster,  however, 
observed  tliat  the  same  property  was  communicated  to  wax,  gum, 
tin,  lead,  &c.,  merely  by  pressing  them  against  the  surface  of 
mother-of-pearl.  Hence  it  is  obvious,  that  the  property  is  owing 
to  the  configuration  of  the  surface.  Dr  Brewster  found  by  means 
of  tlie  microscope,  that  tlie  surface  of  mother-of-pearl  was  com- 
posed of  waving  lines,  something  like  the  skin  at  the  point  of  an 
infant's  finger.  These  lines  could  not  be  obliterated  by  grinding  or 
polishing.  They  vary  considerably  in  fineness  in  different  speci- 
mens. Sometimes  they  may  be  seen  with  the  naked  eye,  while  at 
others  more  than  3000  may  be  reckoned  within  the  space  of  an 
inch.  To  this  configuration  of  the  surface  Dr.  Brewster  ascribes 
the  property  of  mother-of-pearl  to  reflect  various  tints  of  splendid 
colours.  Dr.  Brewster  found  likewise,  that  when  a  ray  of  light 
falls  obliquely  upon  mother-of-pearl,  both  the  portion  reflected  and 
the  portion  transmitted  are  polarized,  and  both  in  the  same  manner. 
This  is  different  from  what  happens  either  in  crystallized  or  un- 
crystallized  bodies. 

yi.  An  improved  Method  of  dividing  Astronomical  Circles  and 
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other  Instruments.  By  Captain  Henry  Kater. — It  is  not  possible 
to  cxjnvey  an  adequate  idea  to  the  reader  of  the  method  of  gra- 
duating contrived  by  Captain  Kater,  without  the  assistance  of 
figures.  We  must  therefore  refer  those  who  wish  to  understand 
this  important  subject  to  the  paper  itself. 

Vil.  Results  Of  some  Experiments  on  the  Properties  impressed 
upon  Light,  by  ike  /let Ion  of  Glass  raised  to  different  Temperatures, 
and  cooled  under  different  Circumstances.  By  Dr.  Brewster.— The 
author  found  that  a  ray  of  light  passed  through  hot  glass  was  depo- 
larized ;  but  when  the  glass  cooled  the  original  polarization  was 
restored.  Prince  Rupert's  drops  exhibited  the  same  phenomenon, 
together  with  the  coloured  rings,  which  characterise  doubly  re- 
fracting crystals. 

Vill.  Considerations  of  various  Points  of  jlnalysis.  By  Jolifi 
F.  W.  Herschel,  Esq  F.R.S.  The  subjects  treated  of  in  this 
paper  preclude  the  possibility  of  abridging  it. 

IX.  Observations  on  the  Functions  of'  the  Brain.  By  Sir  Everard 
Home,  Bart.  F.R.S. — The  author  conceives  that  it  would  greatly 
tend  to  promote  our  knowledge  of  the  uses  of  the  particular  parts 
of  the  brain,  if  anatomical  surgeons  would  collect  all  the  observa- 
tions which  tliey  have  an  opportunity  of  making  in  cases  of  injury 
of  that  organ.  The  present  paper  contains  an  arranged  collection 
of  his  own  observations  in  the  course  of  his  practise.  1.  A  certain 
degree  of  pressure  is  requisite  to  keep  up  the  functions  of  the  brain. 
A  diminution  of  it  produces  faintness,  an  increase  insensibility. 
The  water  in  the  ventricles  may  increase  indefinitely  without  in- 
juring the  functions  of  the  brain,  if  the  skull  expands  in  the  same 
proportion.  A  curious  example  of  this  is  detailed.  2.  Concussion 
of  the  brain  produces  delirium  and  coma.  3.  Sudden  dilatation 
of  the  blood  vessek  of  the  cerebrum,  in  consequence  of  exposure 
to  the  sun,  is  sometimes  accompanied  by  delirium,  loss  of  speech 
and  the  power  of  swallowing.  4.  Blood  extravasated  in  the  lateral 
and  third  ventricles  was  attended  by  repeated  fits  of  vomiting  and 
coma.  lu  other  parts  of  the  brain  it  produced  stupor,  paralysis, 
idiot  ism.  5.  The  formation  of  pus  is  attended  with  delirium. 
6.  Depression  and  thickening  of  different  portions  of  the  skull  was 
attended  with  heaviness,  torpor,  head-ache,  &c.  7-  Tumors  in 
different  parts  of  the  brain  produced  violent  head-aches,  apoplexy, 
loss  of  sight,  e])ilepiic  fits,  &c.  8.  Wounds  in  the  anterior  lobes 
of  the  brain  produced  no  sensible  effect.  Loss  of  a  portion  of  one 
of  th-  hemispheres  was  attended  with  difficulty  of  swallowing  for 
24  hours,  and  slight  delirium  of  short  duration.  9.  In  a  boy  in 
whom  the  tubercuhim  nnnulare  had  beconie  indurated,  the  effects 
were,  that  the  boy  had  been  an  idiot  from  his  birth,  never  walked, 
spoke,  or  understood  whit  was  said.  10.  Pressure  upon  the  me- 
dulla spinHli>  produces  paralysis. 

■  X.  Fnrthei-  Experinierti  and  Observations  on  Iodine.  By  Sir 
H.  Da\y,  LL.D.  F.R  S.  V.P.  R.I. -This  paper  is  divided  into 
five  sections.     1,  On  the  triple  compounds  containing  iodine  and 
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oxygen.  When  iodine  is  dissolved  in  potash  or  soda,  two  com- 
pounds are  formed ;  one  composed  of  oxygen,  iodine,  and  potas- 
sium or  sodium;  the  other  of  iodine  and  potassium  or  sodium. 
Our  author  calls  the  first  oxiode  of  potassium,  &c.  the  second 
iode  of  potassium,  &c.  When  the  alkali  is  saturated  with  iodine 
crystals  are  deposited.  These  are  to  be  digested  in  alcohol  of  8*6, 
or  9-2.  The  undissolved  portion  is  the  triple  compound.  Oxiode 
of  potassium  is  almost  tasteless,  has  no  action  on  vegetable  colours, 
is  scarcely  soluble  in  cold  water;  but  more  so  in  hot  water.  By 
heat  it  may  be  dissolved  in  sulphuric,  nitric,  and  phosphoric  acids. 
Tiie  saturated  solutions  congeal  and  form  crystalline  masses  of  an 
intensely  acid  taste.  When  strongly  heated  the  triple  compound  is 
decomposed  at  the  temperature  at  which  the  acids  are  driven  otf, 
and  oxygen  and  iodine  exhales.  Oxiode  of  potassium  dissolves 
readily  in  phosphorous  acid.  When  the  solution  is  heated  the  acid 
is  converted  into  the  phosphoric,  and  iodine  appears.  When 
thrown  into  muriatic  acid,  ai)  effervescence  is  perceived,  the  smell 
of  chlorine  becomes  sensible,  and  the  fluid,  when  evaporated,  yields 
chlorionic  acid.  Similar  appearances  take  place  with  the  vegetable 
acids  and  the  oxiode  ;  all  easily  explained  by  the  transfer  of  oxygen 
to  the  solvent. 

Sir  H.  Davy  conceives  oxiode  of  potassium  to  be  composed  of 
one  atom  iodine,  one  atom  potassium,  and  six  atoms  oxygen  ;  but 
his  experiments  scarcely  seem  sufficient  to  warrant  any  such  con- 
clusion. 

He  formed  likewise  by  a  similar  process,  oxiodes  of  barytcs, 
lime,  and  magnesia. 

His  attempts  to  obtain  a  compound  of  oxygen  and  iodine  were 
not  attended  with  success. 

2.  On  hydrionic  acid  and  the  compounds  obtained  by  means  of 
it.  This  acid  is  obtained  pure  by  heating  iode  of  potassium  and 
hydro-phosphoric  acid  together.  It  is  slowly  decomposed  by  heat, 
and  rapidly  when  heated  along  whh  oxygen  gas.  When  condensed 
in  water  it  is  instantly  decomposed  hy  nitric  acid  and  iodine  preci- 
pitated. It  rapidly  absorbs  oxygen  from  the  air,  and  becomes 
yellow,  and  at  last  a  deep  tawny  orange.  It  will  probably  answer 
well  as  a  eudiometrical  substance.  It  was  decomposed  by  all  the 
metals  tried,  except  gold  and  platinum.  With  the  alkalies  and 
common  earths  it  forms  compounds  very  similar  to  those  formed 
with  the  same  bases  by  muriatic  acid.  3.  On  other  acid  com- 
pounds of  iodine.  Iodine  absorbs  nearly  one  third  of  its  weight  of 
chlorine  gas,  and  forms  a  very  volatile  compound,  which  acts  upon 
mercury,  and  is  dissolved  by  water.  Sir  H.  Davy  supposes  that 
this  compound  is  composed  of  an  atom  of  iodine  and  an  atom  of 
chlorine.  He  calls  it  chloriovlc  acid.  Its  colour  is  yellow,  and  it 
readily  dissolves  iodine  becoming  deeper  coloured.  When  agitated 
in  chlorine  gas  it  becomes  colourless.  In  this  state,  when  poured 
into  alkaline  or  earthy  solutions,  oxiodes  are  precipitated.  If  it  be 
xolourcd  a  quantity  of  iodine  appears  at  the  same  time.     When 
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poured  into  ammonia  a  white  powder  falls,  which  detonates  feebly, 
and  atibrds  iodine  and  a  gas  not  capable  of  supporting  combustion. 
When  the  acid  is  coloured  the  precipitate  formed  is  black,  and 
detonates  much  more  loudly. 

Tin  and  iodine,  when  combined,  form  a  body  possessing  acid  pro- 
perties, though  no  hydricnic  acid  could  be  detected  in  it.  4.  On 
the  action  of  some  compound  gases  on  iodine.  It  absorbs  sul- 
phureted  hydrogen  and  forms  a  reddish  brown  fluid.  When  iodine 
was  sublimed  in  olefiant  gas  a  little  reddish  brown  fluid  was  formed. 
It  produced  no  change  on  nitrous  gas  nor  carbonic  oxide  ;  but 
when  mixed  with  carbonic  oxide  in  the  gaseous  state  and  exposed 
to  the  light  of  the  sun,  a  combination  seems  to  take  place.  5.  On 
the  mode  of  detecting  iodine  in  combinations,  and  on  certain  pro- 
perties of  its  compound  with  sodium.  The  marine  productions  of 
the  Mediterranean  contain  less  of  it  than  the  sal  de  varec.  Ashes 
of  the  ulva,  that  abounds  on  the  coast  of  Languedoc,  yielded  traces 
of  it.  As  did  the  ashes  of  the  following  plants  :  fucus  cartilagineus, 
fucus  membranaceirs,  fucus  rubens,  fucus  filamentosus,  ulva  pa- 
vonia,  ulva  linza. 

Tlie  ashes  of  corralines  and  sponges  exhibited  no  traces  of  it. 
Its  presence  is  detected  by  its  property  of  tarnishing  silver,  and  by 
the  red  fluid  which  alkaline  leys  containing  it  form  with  sulphuric 
,  acid. 

Sir  H.  Davy  conceives  it  possible  that  the  superiority  of  bay  salt 
in  curing  fish  and  meat,  may  depend  upon  the  presence  of  this 
substance.  He  rubbed  pieces  of  beef  with  iode  and  oxiode  of 
sodium.  They  did  notputrify.  The  piece  rubbed  with  the  iode 
became  brown,  soft,  and  tender;  that  rubbed  with  the  oxiode 
hardened  considerably  and  became  paler. 

XI.  Observations  respecting  the  natural  Productions  of  Saltpetre 
on  the  Walls  of  SJibterraneous  and  other  Buildings.  By  John  Kidd, 
M  D.  Professor  of  Chemistry  in  Oxford. — The  formation  of  nitre 
upon  calcareous  stones  in  certain  situations  has  been  long  known, 
and  advantage  has  been  taken  of  it  to  procure  that  important  salt  in 
great  quantities ;  though  no  satisfactory  theory  of  the  formation  of 
the  salt  itself  has  vet  been  offered  to  the  public.  The  present 
paper  contains  a  set  of  observations  on  the  appearance  of  an  efflo- 
rescence of  saltpetre  on  the  walls  of  the  Ashmole  laboratory  at 
Oxford,  a  large  ground  room,  sunk  below  the  area  of  the  street. 
The  walls  are  built  of  Oxford  lime-stone,  a  granular  floetz  lime- 
stone containing  many  fragments  of  shells,  of  vegetable  bodies, 
and  composed  of  d(i  carbonate  of  lime,  and  4  of  ochrey  sand. 
The  salt  formed  was  nearly  pure,  though  it  contained  traces  of 
lime  and  of  sulphuric  and  muriatic  acids.  Wliat  was  formed  in 
winter  contained  most  lime.  The  formation  of  this  salt  was  most 
rapid  in  frosty  weather ;  it  formed  slowly,  and  the  quantity  even 
diminished  in  moist  weather  after  it  had  been  deposited.  Exclu- 
sion from  the  air  did  not  preclude  the  deposition  of  the  salt^  though 
it  diminished  it  considerably. 
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XII.  On  the  Nature  of  the  Salts  called  Triple  Prussiates,  and  on 
Acids  formed  by  the  Union  of  certain  Bodies  with  the  Elements  of 
the  Prussic  Acid.  By  Robert  Porrett,  jun.  Esq. — I  have  already 
given  a  pretty  full  account  of  this  important  paper  in  the  number  of 
the  Annals  of  Philosophy  for  January,  1815,  to  which  I  refer  the 
readers.  I  intend  to  publish  an  abridgment  of  the  paper  in  a  future 
number  of  the  Annalsy  as  it  contains  some  discoveries  which  I  con- 
sider as  iniportant. 

XIII.  Some  Experiments  on  the  Comhishon  of  the  Diamond,  and. 
other  Carbonaceous  Substances.  By  Sir  H.  Davy. — Diamonds  were 
put  in  a  small  glass  globe  filled  with  oxygen  gas,  and  kindled  by 
means  of  a  burning-glass.  When  once  set  on  fire,  they  were  found 
to  burn,  though  removed  out  of  the  focus  of  the  lens.  The  result 
of  the  experinitnts  was,  that  diamonds,  when  burnt,  produced 
only  c:irboiiic  acid  gas,  and  no  alteration  took  place  in  the  bulk  of 
the  gas  in  which  the  combustion  was  performed.  Hence  it  follows 
that  the  diamond  consists  of  pure  carbon.  Plumbago  and  charcoal, 
besides  carbonic  acid,  formed  also  a  sensible  portion  of  water  when 
burnt,  and  the  bulk  of  the  oxygen  gas  was  diminished.  Hence  these 
bodies  contain  hydrogen  as  a  constituent,  though  only  in  a  very 
minute  proportion. 

XIV.  Some  Account  of  the  Fossil  Remains  of  an  Animal  more 
nearly  allied  to  Fishes  than  to  any  other  Class  of' Animals.  By  Sir 
Everard  Home,  Bart.  F.R.  S. — These  bones  were  found  in  a  cliff 
on  the  sea  coast  of  Dorsetshire.  The  skull  was  pretty  perfect;  most 
of  the  other  bones  were  broken  and  crushed.  The  ribs  were  CO, 
and  make  the  skeleton  1 7  feet  long.  These  bones  approach  most 
nearly  to  those  of  fishes,  though  the  author  considers  the  animal  as 
not  having  been  a  perfect  fish,  but  as  constituting  one  of  those  in- 
termediate links  so  commonly  observed  in  the  animals  of  New  South 
Wales. 

XV.  On  an  easier  Mode  of  procuring  Potassium  than  that  lahich 
is  now  adopted.  By  Smithson  Tennant,  Esq.  F.  R.S.  —  This 
method  is  to  put  the  potash  and  iron  turnings  together  into  a  gun- 
barrel  about  a  foot  and  a  half  long,  and  covered  with  a  lute  com- 
posed of  Stourbridge  clay,  partly  in  its  natural  state,  and  partly  pre- 
viously baked.  Into  the  mouth  of  the  gun-barrel  another  iron  tube 
about  eight  inches  long  is  to  be  put,  perforated  at  the  lower  extre- 
mity, and  having  its  upper  end  projecting  about  an  inch  beyond 
the  gun-barrel.  The  mouth  of  the  gun-barrel  is  shut  by  another 
tube  which  slips  over  it.  The  mouth  of  it  is  filled  by  a  perforated 
cork,  through  which  there  passes  a  bent  glass  tube,  having  in  it  a 
drop  of  mercury.  This  apparatus  being  exposed  to  a  strong  heat 
for  an  hour  in  a  smith's  forge,  the  potassium  is  found  perfectly  pure 
in  the  upper  perforated  iron  tube. 

XVK  On  the  Influence  of  the  Nerves  iipon  the  Action  of  the 
Arteries.  By  Sir  Everard  Home,  Bart.  F.R.S. — Our  author  acci- 
dentally observed  that  the  application  of  stimulants  to  nerves  pro- 
duced a  violent  increase  of  the  action  of  the  blood-vessels  connected 
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rock  is  for  the  most  part  a  compact,  sonorous,  dark  blue  trap,  nearly 
with  them.  He  laid  bare  the  carotid  artery  of  a  dog,  and  upon 
touching  the  intercostal  nerve  and  par  vagum  with  potash,  a  violent 
increase  in  the  action  of  the  artery  took  place.  The  same  experi- 
ment succeeded  equally  in  rabbits;  so  that  the  circulation  of  the 
blood  is  not  wholly  dependant  upon  the  heart  and  the  elasticity  of 
the  arteries,  the  action  of  the  nerves  is  necessary  to  regulate  the 
distribution  of  it  to  the  diftc:rent  parts  of  the  body. 

XVII.  On  the  Means  of  producing  a  double  Distillation  hy  the 
same  Heat.  By  Smithson  Tennant,  Esq.  F.R.S. — The  method  is 
to  make  the  worm  from  the  first  still  pass  through  a  second,  which 
is  air-tight,  and  has  attached  to  it  a  worm  connecting  it  with  an  air- 
tight receiver.  Heat  is  applied  to  the  second  still  till  the  liquid  in 
it  is  made  to  boil ;  the  cocks  are  then  shut,  and  the  distillation 
carried  on  by  the  heat  communicated  by  the  worm  from  the  first 

still. 

XVIII.  ^n  Account  of  some  Experiments  on  Animal  Heat.  By 
John  Davy,  M.D.  F.R.S. — From  these  experiments  it  appears 
that  there  is  no  material  difference  between  the  specific  heats  of 
veinous  and  arterial  blood,  except  what  arises  from  difference  in  the 
specific  gravity;  that  of  the  former  being  1'04J>,  and  of  the  latter 
1-050.  "Our  author  considers  the  relative  specific  heats  as  0-5)13 
and  0-903.  The  temperature  of  arterial  blood  is  higher  than  that 
of  venous,  and  the  temperature  of  the  left  side  of  the  heart  than  of 
the  right.  The  temperature  of  parts  diminishes  as  the  distance  of 
the  parts  from  the  heart.  These  results  are  incompatible  with  Dr. 
Crawford's  theory  of  animal  heat,  but  agree  with  the  theory  of  Dr. 
Black. 


Article  X. 

Proceedings  of  Philosophical  Societies. 

GEOLOGICAL   SOCIETY. 

MaTJ  19 — A  notice  accompanying  an  additional  drawing  to  the 
paper  on  Vegetable  Remains  in  Chalcedony,  by  Dr.  MaccuUocb, 
was  read,  describing  a  vegetable  remain  possessing  decidedly  the 
genuine  characters  of  conferva. 

June  2. — The  Secretary  reported  that  a  communication  on  the 
Native  Tellurium  of  Norway  had  been  received  from  Professor 
Esmark,  of  Christiana. 

Dr.  MaccuUoch's  paper  on  the  Isle  of  Sky,  begun  at  a  former 
meeting,  was  concluded. 

Tlie  principal  group  of  moimtains  in  Sky  is  the  Cuehullin.  This 
elevation  probably  exceeds  3000  feet,  and  the  principal  escarpments 
look  east  and  north.  It  is  remarkable  for  the  spiry  granitic  form  of 
its  summits,  and  its  naked  barrenness,  owing  to  the  strong  resist- 
jince  which  it  opposes  to  the  usual  causes  of  decomposition.     The 
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allied  to  green-stone,  passing  sometimes  into  syeliite,  sometimes 
containing  glassy  felspar  and  liyperstene,  and  sometimes  composed 
merely  of  quartz  and  hornblende.  It  is  traversed  throughout  by 
dykes  of  basalt,  in  some  places  approaching  to  pitch-stone,  and 
appears  to  rest  on  a  very  compact  grey  quartzy  sand-stone,  which 
does  not  contain  shells,  and  like  the  superincumbent  trap,  is  tra- 
versed by  veins  and  dykes  of  basalt. 

Adjacent  to  the  Cuchullin  is  another  group,  called  the  Red 
Mountains,  of  low^er  elevation  than  the  former,  presenting  rounded 
outlines,  and  so  covered  with  fragments  in  a  state  of  decomposition, 
that  the  massive  rock  can  rarely  be  perceived.  The  chief  constituent 
ingredient  of  these  mountains  is  flesh-red  felspar,  passing  into  clay- 
stone,  and  containing  a  small  and  variable  proportion  of  hornblende 
and  quartz.  This  rock,  like  that  of  the  Cuchullin,  is  also  traversed 
by  veins  of  trap,  and  probably  by  veins  of  granite. 

The  northern  portion  of  the  island  consists  for  the  most  part  of  fioetz 
trap  in  beds  approaching  to  horizontal,  alternating  with  sand-stone, 
and  presentingseams  of  basaltic  coal  generally  broken,  imperfect,  and 
of  little  extent.  This  trap  oilers  the  usual  varieties,  namely,  basalt, 
either  perfect,  or  approaching  to  wacke,  green-stone,  and  amygda- 
loid. This  latter  variety  contains  nodules  of  steatite,  balls  of  fila- 
mentous mesotype,  crystallized  mesotype,  chabasite,  and  occasion- 
ally stilbite  and  ichthyophthalmite.  In  some  parts  the  shale  and 
sand-stone  adjoining  the  trap  are  indurated,  and  more  or  less  altered, 
the  former  in  particular  being  converted  into  lydian-stone  and 
botryoidal  schist.  The  whole  of  the  eastern  shore  of  Strathaird 
exhibits  one  continuous  cliff  of  blue  compact  lime-stone,  split  by 
numerous  fissures,  and  hollowed  out  into  caves. 

At  Kilbride,  near  Loch  Clapin,  another  lime-stone  district  occurs, 
the  connections  of  which  it  is  very  difficult  to  ascertain.  This  lime- 
stone is  unstratified,  contains  no  organic  remains,  is  of  a  granular 
structure,  and  is  in  many  places  a  perfect  marble,  more  or  less 
coarse  in  its  grain,  of  a  white,  blue,  and  yellowish-green  colour 
(this  latter  from  an  intermixture  of  serpentine),  and  applicable  to 
various  uses  in  ornamental  architecture.  This  lime-stone  ceases  a 
mile  or  two  short  of  Bradford  ;  and  on  the  shores  of  this  latter 
water  anotlier  formation  of  lime-stone,  totally  distinct  from  the 
other,  makes  its  appearance.  This  forms  thin  bed?,  alternating 
with  sand-stone  and  shale,  is  highly  bituminous,  and  contains 
annoniae,  ammonitae,  and  other  shells,  and  is  traversed  by  trap 
\'eins. 

Between  Loch  Oransa  and  the  northern  part  of  the  shore  near 
Bradford  is  a  tract  of  quartz  rock,  which  also  occurs  in  other  parts 
of  the  district  of  Clale,  accompanied  by  various  primary  schistose 
rocks,  and  intersected  by  veins  oi  trap. 

A  paper  l;y  J.  Williams,  jun.  Esq.  of  Scorvier,  describing  the 
mine  of  Huel  Peever,  was  read. 

The  tin  vein  of  lliiel  Peever,  in  the  parish  of  Redruth,  in  con- 
sequence of  its  intersection  by  cross  veins,  by  the  underlie  pf  a 
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parallel  copper  vein,  and  by  the  oblique  course  of  a  channel  of 
porphyry,  was  lost,  and  exercised  the  skill  of  the  ablest  Cornish 
miners  for  more  than  40  years  before  it  was  recovered.  A  descrip- 
tion of  the  particular  deviations  produced  in  the  course  of  the  vein 
by  each  of  these  disturbing  causes  is  given  in  this  paper,  and  its 
accompanying  plans  and  sections. 

WERNERIAN    SOCIETY. 

At  the  meeting  on  21st  January,  Mr.  P.  Syme  laid  before  the 
Society  an  account  of  some  remarkable  atmospheric  appearances 
observed  by  him  during  a  thunder-storm  on  the  29th  of  July  IS  14, 
accompanied  with  several  beautiful  drawings  executed  by  him  from 
sketches  which  he  took  at  the  moment. 

At  the  meeting  on  4th  February  was  read  an  essay  on  the  germi- 
nation and  physical  economy  of  ferns,  by  Dr.  Yule. — At  the  same 
meeting  there  was  read  an  account  of  the  mineralogy  of  the  Red 
Head,  by  Dr.  Fleming.  The  Red  Head  is  a  well  known  promon- 
tory in  the  county  of  Forfar.  The  rocks  consist  of  sand-stone  and 
gravel-stone.  The  author  seemed  inclined  to  consider  these  rocks 
as  mechanical  deposits,  as  they  bear  the  closest  resemblance  in  all 
respects,  except  in  being  cemented,  to  beds  of  sand  and  gravel  in 
the  neighbourhood.  The  sand-stone  belongs  to  the  old  red  sand- 
stone formation,  in  which  many  trap-rocks  rising  into  hills,  such 
as  the  Ochils,  and  hills  of  Kinnoul  and  Perth,  occur  in  the  form 
of  great  beds. 

At  the  meeting  on  25th  February,  Professor  Jameson  read  a 
short  account  of  the  places  where  fossil  remains  of  elephants  have 
been  found,  and  exhibited  the  tooth  of  a  mammoth  discovered  by 
William  Auld,  Esq.  in  Hudson's  Bay,  this  being  the  first  time 
that  such  remains  have  been  observed  so  far  to  the  northward  in 
America.  Professor  Jameson  also  read  a  notice  concerning  the 
indurated  talc  which  occurs  in  quantity  in  the  island  of  Unet,  one 
of  the  Zetlands,  and  which,  he  stated,  might  be  profitably  brought 
to  market,  the  article  being  in  demand  for  removing  stains  from 
silks,  &c.  and  selling  at  a  considerable  price. 

At  the  meeting  on  the  11th  of  March,  Professor  Jameson  read 
the  continuation  of  his  mineralogy  of  the  Lothians. 

At  the  meeting  on  25th  March  was  read  a  desciiption  of  a  new 
species  of  water  ouzel  or  dipper,  found  in  this  country  by  James 
Wilson,  Esq.  A  specimen  of  the  young  bird  and  a  drawing  of  the 
bird  in  full  plumage  were  exhibited.  It  differs  from  the  common 
ouzel  chiefly  in  the  deep  rufous  band  on  the  lower  breast  being 
wanting,  and  in  the  breast  feathers  being  marked  with  transverse 
waved  lines,  from  which  last  circumstance  Mr,  Wilson  proposes  to 
call  it  AquatiUs  tnididatus. 

At  different  meetings  of  the  Wernerian  Society  in  January,  Fe- 
bruary and  March,  a  paper  by  Mr.  Scoresby  junior  of  Whitby,  on 
Polar  Ice,  and  the  Practicability  of  a  Journey  to  the  Pole,  excited 
much  interest. 
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He  began  with  some  notices  as  to  the  characteristics  of  the  at- 
mosphere and  the  land  in  West  Greenland  and  Spitzbergen.  The 
atmosphere  is  remarkable  for  darkness  of  colour  and  density,  for 
the  production  of  highly  crystallized  snow,  and  for  almost  instanta- 
neous changes  from  perfect  calm  to  impetuous  storm.  The  land  is 
remarkable  for  abrupt  precipices,  rising  directly  from  the  ocean  to 
a  great  height :  the  dark-coloured  rocks  contrasted  with  the  snow 
of  the  purest  whiteness  with  which  they  are  capped,  produce  a  very 
striking  effect.  Here  the  white  bear  is  the  lord  of  the  creation  : 
seals  and  all  other  animals  flee  his  presence.  He  is  yearly  attracted 
over  the  ice  to  the  fishing  ground,  by  the  carcases  of  whales,  the 
smell  of  which  he  seems  to  perceive  at  a  wonderful  distance. 

As  to  the  ice,  Mr.  Scoresby  remarked  that  Davis  Straits  is  noted 
for  enormous  ice-bergs  or  ice-islands,  and  tliat  Greenland  is  more 
remarkable  for  ice-fields.  Some  of  these  ice-fields  are  of  vast  ex- 
tent, perhaps  100  miles  long  and  50  broad;  the  surface  being 
raised  from  4  to  G  feet  above  the  water,  and  the  base  sunk  near  20 
feet  below  the  water.  The  ice-bergs  of  Baffins  Bay  are  sometimes 
nearly  two  miles  long  and  perhaps  100  feet  high,  while  their  base 
must  reach  450  feet  below  the  surface  of  the  water.  Some  ice- 
bergs are  formed  on  the  land ;  but  the  most  huge  are,  in  Mr. 
Scoresby's  opinion,  produced  in  the  deep  sheltered  bays  of  the  sea, 
and  formed  partly  of  sea  water  and  partly  of  snow  and  sleet,  yearly 
accumulated  perhaps  for  successive  ages. 

Mr.  Scoresby  mentioned,  that  he  never  could,  by  experiments 
made  in  Greenland,  obtain  from  sea  water,  ice  that  was  either  com- 
pact, transparent,  or  which  yielded  a  fresh  solution.  Yet  fresh- 
water ice  is  comnion,  and  the  whale-fishing  ships  frequently  water 
at  some  pool  on  the  surface  of  an  ice-berg.  Salt-water  ice  is  soft, 
porous,  white ;  it  is  lighter  than  the  other,  its  specific  gravity  being 
about  0'873,  while  that  oi  fresh-water  ice  is  0-937.  This  last  has 
.1  black  appearance  while  floating  in  the  sea,  and  is  transparent, 
with  a  green  hue,  when  held  in  the  air.  Its  edges  are  sharp  like 
glass.  With  pure  pieces  of  this  kind  of  ice  Mr.  Scoresby  sometimes 
amused  himself  in  forming  lenses,  with  which  he  was  able  to  fire 
gunpowder,  light  the  sailors'  pipes,  burn  wood,  and  even  melt 
lead. 

Ice  is  generated  in  the  Northern  Ocean  entirely  independent  of 
the  vicinity  of  land.  It  is  formed  even  in  rough  seas  during  intense 
cold  ;  first  producing  what  is  called  by  the  sailors  sludge,  and  then 
flat  pieces  of  a  rounded  shape,  and  turned  up  at  the  edges,  which 
have  received  the  whimsical  name  of  pancakes.  In  the  sheltered 
openings  which  occasionally  occur  in  the  great  fields  of  ice,  hay-ice 
is  often  rapidly  formed  :  it  will  bear  a  man's  weight  in  4S  hours, 
and  in  a  month  is  fully  a  foot  thick.  Suppose  a  large  opening  to 
be  thu»  frozen  over,  and  cemented  on  every  side  to  the  older  ice,  a 
great  basin  or  hollow  is  produced  :  this  becomes  a  receptacle  for 
snow  :  next  summer  the  snow  is  melted,  and  during  the  following 
winter  the  water  is  converted  into  a  solid  layer  of  fresh- water  ice. 
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In  this  way,  Mr.  Scoresby  thinks,  the  most  compact  jft-W- ice  may 
be  generated  in  a  few  years.  Other  fields  are  formed  of  boards  of 
packed  ice  cemented  by  frost.  Jce-fields  have  an  invariable  ten- 
dency to  drift  to  the  south-westward,  amid  various  or  contrary 
winds.  They  appear  in  June  in  the  fishing  latitudes,  and  many 
are  yearly  broken  up  by  the  agitation  of  the  waves  when  they  ad- 
vance to  the  open  ocean.  When  two  fields  come  in  contact,  the 
•  concussion  is  tremendous. 

Mr.  Scoresby  gave  a  description  of  the  present  situation  or  boun- 
daries of  the  circumpolar  ice,  both  in  close  and  in  open  seasons, — 
which  it  is  impossible  to  abridge.     Such  is  the  outline,  that  when 
the  ice  touches  the  south  point  of  Soitzbergen,  a  barrier  is  formed 
against  access  to  the  open  sea  farther  north,  where  whales  are  to 
be  found.     If  this  barrier  consist  only  of  packed  ice,  and  be  not  ce- 
mented into  fields,  the  ships  are  forced  through  it,  with  great  dif- 
ficulty no  doubt,   and   not  without  peril.     In  June   this   barrier 
divides  in  the  middle,  and  when  the  vessels  return  from  the  fishing 
it  frequently  happens  that  no  vestige  of  it  is  to  be  seen.     The  larg- 
est fields  of  ice  are  always  moving  and  changing  place,  generally 
drifting  to  the  south-west,  although,  on   account  of  their  vast  ex- 
tent, it  is  difficult  to  estimate  the  amount  of  the  change.     A  ship 
leset  in  a  field  was  carried,  with  a  semicircular  sweep,  between  fif- 
teen and   twenty  leagues   in  fifty  hours      Two  ships  embayed  in 
packed  ice,  within  a  few  furlongs  of  each  other,  were  separated  to 
the  distance  of  some  leagues  in  the  course  of  two  days,  and  yet  the 
Continuity  of  the  pack  of  ice  appeared  to  the  eye  to  have  remained 
unbroken. 

The  effects  of  the  ice  on  the  atmosphere  are  very  striking.  A 
strong  gale  blowing  against  one  side  of  a  large  field,  is  so  moderated 
in  its  passage  over  the  ice,  that  it  is  scarcely  felt  on  the  other  side. 
Moist  and  temperate  gales  from  the  southward,  on  reaching  the 
fields,  immediately  discharge  their  superfluous  moisture  in  the  form 
of  snow.  The  ice-blink  is  a  curious  phenomenon.  The  rays  of 
light  which  fall  on  the  ice  are  reflected,  while  those  which  fall  on 
the  water  are  in  a  great  measure  absorbed.  A  luminous  belt  ap- 
pears in  the  horizon,  containing  a  beautiful  map  of  the  ice,  some- 
times so  perfect  that  a  practised  eye  can  determine  whether  field 
ice  or  packed  ice  be  represented. 

In  the  last  part  of  his  paper  Mr.  Scroresby  treated  of  the  practi- 
cability of  reaching  the  North  Pole,  by  setting  off  from  the  north  of 
Spitzbergen,  and  travelling  over  the  ice.  That  this  may  not  be 
met  with  a  smile  of  contempt,  we  may  mention  that  his  reasonings, 
and  the  statements  founded  on  his  own  experience,  went  a  great 
■^ay  in  removing  the  objections  of  some  of  the  most  distinguished 
Scottish  philosophers.  Mr.  Scroresby  has  been  several  times  be- 
vond  80°  N.  lat.  Indeed,  he  on  one  occasion  made  a  nearer  ap- 
proach to  the  polar  point  than  any  other  scientific  observer.  Cap- 
tain Phipps  (Lord  Mulgrave)  in  1773  reached  80^37';  but  in 
IbOG  Mr.' Scoresby  (then  acting  us  chief  mate  to  his  father,  well 
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known  as  one  of  the  most  enterprizing  and  intelligent  captains  in 
the  Greenland  trade)  penetrated  as  high  as  81-1-°  N.  a  distance  of 
only  17*^^  leagues  froni  the  pole  Even  when  north  winds  had  pre- 
vailed for  dnys,  Mr.  JScoresby  did  not  find  tlie  cold  of  80°  much 
diftierent  from  that  of  70°  N.  With  woollen  clothing,  therefore,  he 
thinks  the  cold  would  not  be  overwhelming,  and  an  external  giir- 
ment  of  varnished  silk  would  protect  the  body  from  moisture.  It 
would  be  impossible  to  accomplish  a  journey  of  1200  miles  (6X0 
going  and  600  returning)  without  the  assistance  of  some  fleet  quad- 
rupeds accustomed  to  harness.  Rein-deer  or  dogs  are  the  only  ani» 
mnls  that  could  be  employed,  and  they  must  be  procured  from  the 
countries  where  they  are  trained.  Dogs  are  most  hardy  and  tract- 
able, and  would  on  the  whole  be  preferable.  Drivers  must  also  be 
procured  from  the  same  countries.  The  sledges  must  be  light,  and 
in  the  form  of  boats,  in  case  of  spaces  of  open  water  occurring. 
Between  a  month  and  six  weeks,  Mr.  Scoresby  thinks,  would  suffice 
for  the  journey.  To  avoid  the  retarding  effects  of  soft  snow,  he 
suggests  that  the  party  should  set  out  by  the  close  of  April.  When  the 
aid  of  the  magnetic  needle  as  a  director  should  be  lost,  by  its  pole 
being  directed  to  the  zenith,  the  sun  would  be  the  only  guide.  A 
chronometer  would  be  an  indispensable  instrument.  With  a  chro- 
nometer adjusted  to  the  meridian  of  north-west  Spitzbergen,  the 
bearing  of  the  sun  at  the  time  of  noon  (provided  this  could  be  accu- 
rately ascertained  very  near  the  pole)  would  afford  a  line  of  direc- 
tion for  the  return ;  the  position  in  regard  to  longitude  being  cor- 
rected twice  a  day.  White  bears  are  the  only  living  enemies  to  be 
expected ;  but  they  are  not  likely  to  occur  ill  numbers  very  far 
north,  as  their  food  must  necessarily  be  scarce.  Mr.  Scoresby  has 
little  expectation  of  mountainous  land  occurring,  and  he  thinks  it 
highly  improbable  that  the  sea  will  be  found  free  from  ice  at  the 
pole,  as  the  Dutch  navigators  have  asserted  it  to  be.  Mr.  Scoresby's 
ample  experience  convinces  him,  that  thick  weather  is  only  to  be 
dreaded  as  the  accompaniment  of  southerly  winds,  which  occur  but 
seldom  and  at  distant  intervals — Such  a  journey  must  necessarily 
be  hazardous  ;  but  great  difficulties  have  in  former  times  been  over- 
come in  travelling  the  northern  ice.  In  the  Spring  of  1715, 
Alexel  Marcoff,  a  Cossack,  travelled  from  Siberia,  in  a  sledge 
drawn  by  dogs,  near  400  miles  northward,  over  a  surface  of  packed 
ice.  He  was  obliged  to  stop  about  the  78th  degree,  on  account  of 
the  provisions  for  his  dogs  falling  short;  by  killing  some,  and  feed- 
ing the  others  with  the  carcases,  he  effected  his  return  in  safety. 
But;  if  the  party  were  to  reach  the  pole  either  by  means  of  reii?-deer 
or  dogs,  and  these  entirely  to  fail  through  cold  and  fatigue,  it  is  at 
least  possible  that  they  might  be  able  to  accomplish  their  return  on 
foot,  drawing  their  provisions  in  a  sledge ;  a  large  party  of  the 
crews  of  the  Dutch  Greenland  fleet  wrecked  in  1/77  having  tra- 
versed the  ice  for  a  hundred  leagues,  amid  the  severity  of  the  arctic 
winter,  and  actually  reached  the  settlements  of  the  Danish  raissioo,- 
aries,  without  any  suitable  preparations  for  such  a  journey. 
Vol.  VI.  N°  II.  K 
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ROYAL    INSTITUTE   OF    FRANCK. 

Account  of  the  Labours  of  the  Class  of  Mathematical  and  Physical' 
Sciences  of  the  Royalliistitule  of  France  during  the  Year  1814. 

I.  Physical  Department.     By  M.  le  Chevalier  Cuvier,  Perpetual 

Secretary. 

Chemistry. 

(Continued  from  Vol.  V.  p.  463.) 

More  than  a  hundred  years  ago  there  had  been  extracted  from 
the  quarries  of  CEningen,  near  the  lake  of  Constance,  a  petrified 
skeleton,  which  Scheuchzer,  a  naturalist  of  Zurich,  had  taken  for 
that  of  a  man,  and  which  he  had  engraven  under  the  title  homo 
diluvii  testis.  More  recent  naturalists  had  considered  it  as  the 
skeleton  of  a  fish.  M.  Cuvier,  from  the  simple  inspection  of  the 
figure  published  by  Scheuchzer,  had  considered  it  as  an  unknown 
and  gigantic  species  of  salamander.  Having  made  a  journey  to 
Harlem,  where  this  celebrated  fossil  is  deposited  in  the  Teylerian 
Museum,  and  having  obtained  permission  from  M.  Van  Marum, 
Correspondent  of  the  Glass,  and  Director  of  that  Museum,  to  dig 
into  the  stone  in  order  to  expose  those  parts  that  had  been  hitherto 
concealed,  M.  Cuvier  discovered  feet,  with  their  bones  and  toes, 
small  ribs,  teeth  along  two  large  jaw-bones;  in  short,  all  the  charac- 
teristic parts ;  so  that  it  is  now  no  longer  possible  to  doubt  that  the 
skeleton  really  belonged  to  a  salamander.  He  has  shown  to  the 
Class  a  figure  of  this  fossil  thus  exposed,  which  he  means  to  send, 
together  with  a  description,  to  the  Academy  of  Harlem. 

The  same  member  has  exhibited  a  head  of  the  last  animal,  called 
palcEotherium  medium,  recently  disengaged  from  the  gypsum  of 
Montmartre.  This  head  was  complete,  and  confirmed  all  the  con- 
clusions hitherto  drawn  from  isolated  fragments. 

M.  de  Humboldt,  Foreign  Associate,  has  communicated  the 
triily  astonishing  history  of  the  volcano  of  JoruUo,  which  burst  out 
in  IJoi)  at  Mexico,  on  a  well  cultivated  platform,  where  two  rivers 
of  cold  water  flowed,  and  where,  during  the  memory  of  man,  no 
subterraneous  noise  had  been  heard.  The  catastrophe  was  announced 
some  montlis  beforehand  by  earthquakes  and  bellowings,  which 
continued  15  qr  .20  days.  A  shower  of  ashes  then  fell,  and  more 
violent  bellowings  took  place,  which  induced  the  inhabitants  to  fly  j 
fla.nies  arose  over  an  extent  of  more  than  halt"  a  league  square ; 
pieces  of  rock  were  thrown  up  to  a  great  height ;  the  crust  of  the 
earth  rose  and  sank  like  the  waves  of  the  sea  ;  there  arose  an  innu- 
merable multitude  of  small  cones,  from  six  to  nine  feet  high,  which 
covered  the  surface  of  the  platform,  and  which  still  remain  there. 
Finally,  there  arose  in  the  direction  of  S.  S.  E.  and  N.  N.  E.  six 
hills,  the  principal  of  which,  still  distinguished  by  a  burning  crater, 
is  not  less  than  1600  feet  in  heiglit.     These  frightful  operations  of 
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Nature  continued  from  the  month  of  September,   1759,  till  next 
February.     Eye-witnesses  declare  that  the  noise  was  equal  to  what 
would  have  been  produced  by  thousands  of  cannon,  and  that  it  was 
accompanied  by  a  burning  heat,  part  of  whicii  still  continues ;  for 
M.  de  Humboldt  found  the  heat  of  the  soil  36°  Fahr.  higher  than 
that  of  the  atmosphere.     Every  morning  thousands  of  columns  of 
smoke  rise  from  the  cones  and  the  crevices  of  that  great  platform 
Ihe  two  rivers  now  contain  liot  water  impregnated  with  sulphureted 
hydrogen ;  and  vegetation  is  only  beginning  to  appear  upon  this 
shattered  country.  ^ 

This  volcano  is  46  leagues  from  the  sea,  and  nearly  as  far  from 
the  nearest  active  volcano.     On  this  occasion  M.  de  Humboldt 
remarks  that  several  volcanoes  of  the  New  World  are  at  as  great  a 
distance  from  the  sea  as  this  is;  while  in  the  Old  World  we  know 
no  volcano  that  is  12  leagues  distant  from  the  sea,  and  the  trreater 
number  are  upon  the  shore.     This  scientific  traveller  informs  us 
likewise,  that  all   the  great   volcanoes   of  Mexico  are  found  not 
merely  in  almost  the  same  line  transversal  to  the  direction  of  the 
U)rdileyras,  but  likewise  within  a  few  minutes  of  the  same  parallel 
as   It  they  were  all  elevated  above  a  subterraneous  crevice  which 
extends  from  sea  to  sea.     He  ascertained  all  these  facts  by  ireasures 
and  deterrainations  of  positions,  as  exact  as  troublesome  to  take. 
Ihe  public  will  see  the  whole  details  in  the  continuation  of  the 
celebrated  work  in  which  M.  de  Humboldt  has  consigned  the  result 
ot  his  great  work  on  America. 

M.  de  Humboldt,  in  a  memoir  on  vegetation  in  the  Canary  Me^ 
has  stated  some  general  considerations  on  the  geography  of  plants' 
By  combining  tl.   results  of  observation  with  the  double  influence 
which  the  latitude  and  the  height  in  the  atmosphere  produces  on  the 
temperature,  he  has  f5xed  for  a  certain  number  of  points  the  limits 
ot  perpetual  snow,  the  mean  temperature  of  the  air  at  that  limit 
taken  during  the  whole  year,  and  likewise  the  particular  temperature 
ot  the  winter  and  summer  months;  and  he  has  shown  that  we  may 
deduce  from  these  different  data  the  habitual  distance  between  that 
imit  and  the  heights  on  which  trees  and  corn  grow ;  and  that  even 
the    variations,  apparently  capricious,  which  the  same   specie,   of 
rees  present  in  different  climates,  may  be  explained  when  we  join 
to  these  data  the  consideration  of  the  period  of  the  vear  when  each 
tree  increases  in  bulk. 

It  has  been  long  known  that  the  number  of  stigmata  is  not  con- 
aant  ,n  the  family  of  cypcres ;  nor  was  it  believed  that  these 
variations  were  sufhciently  important  to  serve  as  a  basis  for  the  dis- 
tinction of  the  genera. 

M.  Schkuhr,  a  German  botanist,  first  observed  that  in  the  genus 
or  carex   there    exist  species    with  two    and   three   sti^^mata,  and 

^nA..    fT'7?^  ^^^'^  °'"S''"'  ^^  «^«'«y^  ^J'<^  same  as  that  of  the 
cngies  or  the  fruit. 

oh?.ZTf\^h'\^^'''''''  '^^  ^*^^-''^'°'^'  ^'^'  generalized  this 
observation  to  all  the  plants  of  the  family.     He  has  remarked  some 
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that  have  four  stigmata,  and  in  which  the  fruit  is  evidently  qua- 
drangular, at  least  in  some  of  its  parts.  Such  in  particular  are  the 
schoeniis  mariscus,  the  gaknia  psittacoruni  of  M.  de  la  Billardiere, 
and  a  very  remarkable  new  genus  brought  from  the  Cape  by  M.  du 
Petit  Thouars,  and  which  M.  de  Beauvois  calls  tetraria,  on  account 
of  the  repetition  of  a  quaternary  number  in  the  different  parts  of 
its  flower. 

M.  de  Beauvois  concludes  from  his  observations  that  the  number 
of  stigmata  has  an  importance  more  than  sufficient  to  furnish  the 
generic  characters.  This  will  be  so  much  the  more  advantageous, 
as  some  genera  of  cyperese  have  very  numerous  species,  very  diffi- 
cult to  distinguish. 

M.  de  Beauvois  has  likewise  made  new  observations,  which  in 
his  opinion  more  and  more  confirm  a  notion  which  he  has  long 
entertained  and  supported,  respecting  the  fructification  of  mosses; 
namely,  that  the  green  powder  which  fills  the  urns,  and  which 
Hedwig  considers  as  the  seed,  is  nothing  else  than  the  pollen  ;  and 
that  the  true  seed  is  contained  in  what  botanists  term  the  columella 
of  the  urn. 

M.  de  Beauvois  has  remarked,  that  at  first  this  green  powder, 
like  the  pollen,  is  nothing  else  than  a  compact,  shapeless  mass, 
which  gradually  acquires  consistence,  and  at  last  divides  into  powder, 
the  grains  of  which  are  united  by  small  filaments,  and  composed 
each  of  two  or  three  small  compartments,  full  of  a  humor  com- 
parable to  the  aura  seminalis  of  ordinary  pollen  ;  and  mixed  with 
other  smaller  grains  which  are  opaque  and  ovoid.  This  successive 
division  holds  equally  with  the  powder  contained  in  the  reniform 
bodies  of  the  lycopodiae,  and  in  the  interior  of  the  mushrooms 
called  lycoperdons.  The  little  central  body  regarded  hitherto  as  a 
columella,  which  varies  in  form  in  different  genera,  but  preserves 
nearly  the  same  shape  in  the  same  genera,  and  to  which  in  all 
cases  the  green  powder  is  attached,  terminates  in  an  appendix, 
which  is  prolonged  in  the  opercula  of  the  urn,  and  which  falls  cT 
with  that  opercula  ;  so  that  the  pretended  columella  is  then  open, 
doubtless  to  facilitate  the  escape  of  the  little  grains  which  M.  de 
Beauvois  has  observed  there,  and  which  h«  considers  as  seeds. 

This  skilful  botanist  has  observed  that  in  the  polytricha  and  other 
mosses  the  small  filaments  which  Hedwig  considers  as  autherse  are 
still  perfect  at  a  period  when  the  powder  in  the  urn  has  acquired  its 
full  developement.  But  the  contrary  ought  to  be  the  case  if  these 
filaments  were  male  organs.  They  ought  to  have  perforined  their 
function  and  to  be  decayed,  before  the  green  powder,  considered  as 
the  seed,  has  come  to  a  state  of  maturity.  Hence  M.  de  Beauvois 
concludes  that  the  filaments  in  question  are  rather  female  organs. 
The  mosses,  then,  belong  to  the  class  of  polygrmiia ;  for  M.  de 
Beauvois  shows  that  the  small  opaque  grains  which  he  has  seen  in 
the  columella  were  also  seen  and  represented  by  Hedwig,  at  least  in 
the  bryum  striatum.  The  urns  of  mosses,  then,  according  to  M. 
de  Beauvois,  are  incontestably  hermaphrodite  flowers. 
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M.  du  Petit-Thouars  has  made  the  Class  acquainted  with  some 
interesting  ol)servations  in  vegetable  philosophy.  One  among  others 
shows  very  well  the  connexion  of  the  leaves  with  the  woody  layer 
of  the  same  year.     When  a  leaf  falls,  we  see  at  the  base  of  its 
pedicle  a  number  of  points,  variable  according  to  the  form  of  the 
leaf,  and  the  number  of  leaflets  of  which  it  is  composed.     These 
are  sections  of  as  many  filaments,  which  are  vessels,   or  rather 
bundles  of  the  fibres  of  the  leaf.     If  we  examine  the  place  from 
which  the  leaf  fell,  we  discover  the  same  points,    and  we   may 
follow  the  filaments  into  the  interior  of  the  wood  ;  but  if  we  make 
the  same  observation  in  the  spring,  upon  a  leaf  newly  developed, 
the  filaments  will  be  found  to  extend  only  to  the  surface  of  the  • 
wood.      Two  or  three  months  after  a  new  layer  of  wood  being 
formed  envelopes  them  in  its  thickness. 

The  same  botanist  has  made  curious  remarks  respecting  the  rela- 
tion of  the  number  of  stamina  with  that  of  the  other  parts  of  the 
flower,  and  has  found  that  in  several  genera,  as  the  polygonum, 
rheum,  &c.  in  which  this  relation  seems  very  irregular  and  incon- 
stant, the  number  of  stamina  is  equal  to  the  sum  of  the  divisions  of 
the  calix  and  pistils  taken  together.  This  is  a  singular  fact,  the 
connexion  of  wliich  with  the  general  structure  of  the  flower  is  not 
easily  seen. 

M.  Desvaux  has  presented  a  memoir  on  a  family  of  plants  the 
fructification  of  which  is  concealed,  namely,  the  algce,  compre- 
hending, among  others,  all  the  sea  plants  called  fucus.  He  has 
proposed  to  establish  in  them  several  new  genera,  and  has  made 
experiments  to  ascertain  if  the  filaments  by  which  the  fuci  adhere  to 
the  rocks,  and  to  the,  bottom  of  the  sea,  be  true  roots.  For  that 
purpose,  after  having  detached  several  feet  of  their  natural  adhesions, 
he  fixed  them  to  stones  by  means  of  cords,  or  other  artificial  me- 
thods, and  plunged  them  again  into  the  sea.  Having  visited  them 
some  time  after,  he  found  that  they  had  increased  very  sensibly.  It 
was  known,  likewise,  that  some  species,  as  the  fucus  natanSy  live 
and  increase  very  well  without  being  attached  to  any  thing. 

M.  Lamouroux,  Professor  at  Caen,  has  sent  several  memoirs  to 
the  Class  on  the  same  plants,  which  his  nearness  to  the  sea  has 
enabled  him  to  observe,  and  to  which  he  gives  the  name  of  thalas- 
siophytes.  After  having  pointed  out  all  the  divisions  of  which  they 
are  susceptible,  he  has  considered  them  as  furnishing  food  to  man 
and  the  inferior  animals,  as  useful  in  rural  and  domestic  economy, 
and  in  the  arts.  One  is  astonished  to  learn  how  many  useful  and 
agreeable  purposes  they  are  applied  to  by  different  nations.  Some 
cat  them  directly,  or  form  them  into  a  nourishing  and  agreeable 
jeily  :  others  employ  them  for  feeding  their  cattle.  They  are  all 
capable  of  furnishing  soda,  and  they  constitute  an  excellent  manure. 
Some  furnish  sugar,  others  dye  stuffs.  Of  some  mats  are  made, 
and  drinking  vessels,  and  even  musical  instruments.  What  is 
calkd  Corsican  moss  constitutes  a  valuable  remedy,  &c, 

(70  &e  Qontimti.) 
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Article   XI. 
SCIENTIFIC  intelligence;  and  notices  of  subjects 

CONNECTED  WITH  SCIENCE. 

I.  Lectures. 

The  following  lectures,  which  were  formerly  delivered  in  the 
Theatre  of  Anatomy,  will  in  future  be  delivered  in  the  Medical 
Theatre,  No.  42,  Great  Windmill-street: — 

1.  On  the  Laws  of  the  Animal  Economy,  and  the  Theory  and 
practice  of  Physic :  by  George  Pearson,  M.  D.  F.  R.  S.  senior 
physician  to  St.  George's  Hospital,  &c.  &c.  * 

2.  On  Materia  Medica,  Therapeutics,  and  Medical  Jurispru- 
dence :  by  Richard  Harrison,  M.  D.  Fellow  of  the  Royal  College 
of  Physicians,  and  Physician  to  the  Northern  Dispensary. 

3.  On  Chemistry  :  by Granville,  M.  D. 

4.  On  the  Theory  and  Practice  of  Surgery  :  by  B.  C,  Brodie, 
F.R.S.  Assistant  Surgeon  to  St.  George's  Hospital. 

Sir  Everard  Home's  gratuitous  lectures  to  the  pupils  of  St. 
George's  Hospital  will  also  be  given  in  this  theatre. 

II.  Yttro-Cente. 

There  has  been  lately  found  at  Finbo,  near  Fahlun,  in  Sweden^ 
a  new  substance,  containing 

Lime 47-77 

Yttria     14-60 

Oxide  of  cerium    13*15 

Fluoric  acid    24*46 

99-98 

Blessrs.  Gahn  and  Berzelius  have  given  it  the  name  of  yttro- 
cerite.  It  has  been  found  in  the  form  of  a  powder,  of  a  violet 
colour,  or  pale  blue,  covering  pyrophysalite. 

III.  Steinheilite. 

This  mineral  has  been  long  valued  in  collections,  on  account  of 
Its  blue  colour,  but  has  been  merely  considered  as  quartz.  Count 
Steinheil,  Governor  General  of  Finland,  having,  however,  from 
the  angles  of  some  crystals,  considered  it  as  something  different 
from  quartz,  requested  Professor  Gadolin  to  examine  it ;  and  he  has 
found  it  to  contain  a  large  quantity  of  alumina.  It  appears  to  be 
something  between  quartz  and  sapphire. 

*  Some  of  Dr.  Pearson's  lectures  are  delivered  at  his  theatre,  in  George-street, 
Hanover-square, 
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IV.   Fluo-Arseniate  of  Lime. 

This  is  a  yellowish  substance,  which  accompanies  the  oxide  of  tin 
at  Finbo,  near  Fahlun.  It  is  seldom  got  in  large  masses;  but  is 
spread  on  the  quartz  or  felspar.  It  is  a  combination  of  fluoric  ^nd 
arsenic  acids  and  lime. 

V.   GadoUnite.  at 

Mr.  Berzelius  has  found  that  all  the  gadolinites  contain  cerium, 
and  that  the  yttria  hitherto  obtained  from  gadolinite  has  not  been 
pure,  but  contained  cerium.  He  has  lately  discovered  a  method  of 
separating  the  cerium  from  the  yttria. 

VI.  New  Mass  of  Native  Iron  discovered — Blumejilack's  Arrange- 
ment of  the  Hiiman  Species. 

(To  Dr.  Thomson.) 
MY  DEAR  SIR, 

If  you  can  make  any  use  of  the  following  notices  for  the  miscel- 
laneous articles  of  the  next  number  of  your  Journal,  1  beg  you  will 
insert  them  in  any  manner  you  think  proper.  Being  again  in  cor- 
respondence with  Germany,  I  may  be  enabled  in  future  to  furnish 
you  with  other  materials  for  that  part  of  your  publication. 

Baron  Moll,  of  Munich,  writes  to  me  that  towards  the  end  of 
October,  1814,  a  mass  of  native  iron,  weighing  about  200  lbs.,  has 
been  discovered  by  a  shepherd  at  Lenarto,  in  the  comitate  of  Sarosh, 
on  the  declivity  of  a  small  range  subordinate  to  the  Carpathian 
mountains.  Internally  it  is  light  steel-grey,  approaching  to  silver- 
white  ;  externally  it  is  covered  by  a  slight  coat  of  a  dark  drown 
rust;  its  surface  is  rough,  uneven,  and  marked  with  impressions; 
only  three  cavities  are  observed,  which  may  be  called  cells ;  but 
they  are  without  any  of  the  olivine-like  substance  which  has  been 
found  within  those  of  the  Siberian  native  iron.  Tbe  form  of  this 
mass  is  irregular  and  flat,  as  if  compressed.  It  is  of  a  very  close 
grain,  and  takes  an  excellent  polish  ;  its  fracture  is  hackly  in  a  high 
degree  ;  it  is  perfectly  malleable  in  the  cold  ;  its  solution  in  nitric 
acid  is  of  a  light  emerald-green  colour.  A  complete  account  of  it 
H  will  be  given  by  Professor  Sennowitz,  at  Eperies ;  and  a  chemical 

analysis  by  Dr.  Schuster,  of  Pesth. 

In  tbe  New  Annual  Register  for  1813,  the  following  notice-has 
been  taken  of  the  Phi/sionomies  Nationales,  published  at  Paris-: — 
"  This  tract  is  drawn  up  agreeably  to  the  system  of  Mr.  Blumen- 
bach,  who,  in  truth,  has  derived  his  classilication  from  Gemhn 
(sic),  with  a  mere  variation  of  the  names:  for  the  Ave  divisions 
under  which  the  human  species  is  enumerated  by  the  former,  we 
mean  the  Caucasian,  Mongul,  American,  Ethiopian,  and  Malay, 
are  onlj?^  the  white  man,  brown  man,  red  man,  black  man,  and 
tawny  tnttn  of  the  latter."  Whoever  is  in  the  least  acquainted  with 
the  respective  merits  of  tlie  two  Professors  confronted  in  this  pas- 
sage, will  probably  not  be  disposed  to  believe  that  the  cej^brated 
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author  of  so  many  original  works,  especially  relative  to  the  history 
of  the  human  species,  should  have  conde^cended  to  commit  pla- 
giarism on  a  writer,  who,  whatever  me  it  his  laborious  works  may 
he  allowed  to  possess,  cannot  possibly  lay  claim  to  a  single  original 
idea  relative  to  the  subject  in  question.'  The  fact  is,  that  Bluraen- 
bach  published  his  clas^ificHtion  of  the  hummi  species  as  early  as 
177^5  in  the  first  edition  of  his  Manual  of  Natural  History;  and 
afterwards  (1781)  in  a  new  edition  of  his  work  De  Generis  Humani 
Varietate,  &c.  In  1 7H8  the  same  division  was  adopted  b)  Gmelin 
in  his  edition  of  Linnaeus's  Systema  Naturae,  t.  i.  p.  2.5,  seq.  where, 
without  mentioning  the  source  from  wliich  he  has  derivei!  them, 
he  substitutes  five  names  perfectly  improper  for  designating  the 
varieties  of  the  huujan  species — Suum  cuique  ! 
Believe  me,  my  dear  Sir, 

Your  very  obedient  servant, 

JB«7:sA  l/uieum,  June  24,  1815.  ChaRLES   KqNIG. 

VII.  Orthoceratite  in  a  Marble. 

(To  Dr.  Thoinsoq.) 
DEAR  SIR, 

Those  of  your  readers  who  feel  inte.rsted  in  Dr.  Fleminqj's  inge- 
nious paper  on  orthoceratites  will  find  in  the  Philosopbical  Trans- 
actions for  1757)  article  104th,  a  valuable  destri|)tion  of  a  siiell  of 
the  same  species,  discovered  in  a  marble  table  at  an  inn  in  Ghent. 
The  marble  was  of  a  coarse  grain,  and  dusky  brov.a  culour,  inter- 
spersed with  streaks  of  white.  It  was  2  feet  4^  inches  long — a 
concamerated  tube,  of  a  slender  conical  fiiiure,  and  consisted  of  Gd 
partitions  or  concamerations,  all  tilled  with  the  stalactical  matter  of 
the  marble.  1  am,  Sir,  yours,  &c.  ■ 

Merdeen,  181 S.  M.  VV. 

VIII.  On  tTie  Exlraction  of  the  Cule  Hools  of  Binomials. 
By   Mr.   Lockhart. 

(To  Dr.  Thomson.) 
SIR, 
The  utility  of  a  method  for  extracting  the  cube  roots  of  binomials 
being  well  known  to  your  alcjebraical  correspondents,  I  am  anxious 
that  the  one  which  I  have  given  should,  if  correct,  be  established 
past  all  doubt. 

Your  correspondent,  Mr.  Atkinson,  supposes  that  I  have  made  a 
mistake  in  respect  of  the  root  relating  to  t.  Let  it  be  tried  by  the 
proper  lest  of  an  equation, 

jc*  -  252  T  =  1296 

Where  a;  =  18,  /  =  12,  y  =  6 

lien  —  /  =  ^  648  +  a/-  172SOO  +  ^  648  —  \/  —  172800. 

The  cube  root  of  the  first  number  is  —  6  +  ^  —  48,  not 
—  6  —  a/  —  48,  as  corrected  by  Mr.  Atkinson. 
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Proof, 

-  6   +    V         -  48 

—  6    +    V  —  48 


•<■•: 


3C 
-  48 

— 

12 

V 

— 

48 

—  12 

—  6 

+ 

12 

— 

48 
48 

72 
576 

+ 

7-^ 

12 

— 

48 
48 

648    +    V   —    172800 

In  irreducible  equations,  t*  is  always  greater  than  -j- ,   therefore 

_i /2  would  be  a  contradiction.     When  the  equations  are  re- 
ducible, t  is  imaginary,  and  consequently  has  no  magnitude. 
I  am,  Sir,  your  obedient  servant, 

Field  Head,  June  8,  1815.  JaMES  LoCKHART. 

IX.  Another  Explosion  in  a  Coal-Mine  near  Neircastle. 
We  are  sorry  it  should  so  soon  asrain  be  our  painful  duty  to  have 
to  record  another  of  those  melancholy  accidents  which  have  so  fre- 
quently of  iHte  occurred  in  our  coal-mines.    On  the  morninsr  of  the 
27th  u'lt.  an  explosion  of  inflammable  air  took  place  in  the  lsa>)t  la 
pit,  at  Sheriff  hill  colliery,  by  which  Mr.  Forcet,  viewer,  Robert 
Fogget,  underviewer,  Geo.  Forget,  deputy  overman,  John  Scott, 
overman,  Wm.  Wind,  Nich.  CodHng.  Geo.  Richardson,  and  Jas. 
Young,  deputy  overman;  also  Geo.  Wind  and  Hi  gh  Barker,  boys, 
were  unfortunately  killed.     During  the  night  of  the  2<  th,  a  fall  of 
the  roof,  accompanied  by  a  feeder  of  water,  took  place  ;  the  water 
passing  into  the  dip  workings,  filled  them  up  so  as  to  obstruct  'he 
current  of  air,  and  an  accumulation  of  the  inflamm;'ble  pas  ensued. 
When  Mr.  Scott,  the  overman,  went  down  the  following  norning, 
he  observed  that  the  ventilation  of  the  n.ine  was  nearly  susi.ei'ded, 
and  immediately  stopped  the  pit's  crew  fom  going  in  to  work  until 
Le  could  investigate  the  cause  of  the  statrnation.     This  he  eflected 
in  a  short  time,  and  restored  the  ventilation  partial'v.     He  then 
sent  to  Mr.  Fogget  for  his  advice  and  assistance,  who  went  down 
the  pit  without  loss  of  time,  ace  >mpanied  by  his  two  brothers,  the 
parties  above-named,  and  John  Ledtrer,  a  boy.      Had    Mr  Scott 
not  acted  with  this  caution  and  judgment,  it  is  more  thnn  likely 
that  the  lives  of  the  whole  of  the  crew  would  have  been  lost.     Mr. 
Fogget,  accomprtnied  by  John  Scott  and  the  other  par'ies,  t' y-n 
proceeded  into  the  vvorkings,  to  make  such  a  chanire  in  the  venfla- 
lion  as  would  restore  the  pit  to  a  safe  working  sUte  agaia.    Wliile 
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they  were  employed  in  this  operation,  the  gas  backed  against  the 
current  of  atmospheric  air,  and  exploded  at  the  lights  which  were 
placed  to  windward  of  the  foul  part  of  the  workings.  Mr.  George 
Fogget  being  ill,  was  obliged  to  leave  his  two  brothers  and  their 
companions  before  the  accident  happened,  and  nearly  reached  the 
bottom  of  the  pit,  accompanied  by  -Uobt.  Copeland,  who  was  em- 
ployed in  the  rail-way,  when  they  felt  the  shock  of  an  explosion. 
Tliey  immediately  returned,  and  had  proceeded  to  within  200  yards 
of  the  place  where  Geo. -Fogget  had-left  his  brothers,  when  Cope- 
land  found  it  impracticable  to  go  further  with  safety,  on  account  of 
the  after 'damp.  He  then  advised  Geo.  Fogget  to  return  with  him 
to  give  the  alarm ;  but  this  h^  refused  to  do,  and  persisted  in  going 
in-ly  to  look  after  his  brothers,  and  James  Young,  his  son-in-law. 
He  unfortunately  fell  a  victim  to  his  exertions ;  he  died  of  suffoca- 
tion, and  his  body  was  found  lying  beside  those  of  his  two  brothers. 
John  Ledger,  the  only  survivor,  was  within  20  yards  of  the  candles 
at  which  the  gas  fired,  and  saw  it  fire ;  he  was  slightly  hurt,  but, 
from  the  effect  of  the  after-damp,  lay  about  ten  hours  in  a  state  of 
insensibility  before  he  could  be  rescued  from  his  perilous  situation. 
The  above  accident  forms  another  powerful  reason  of  the  necessity 
for  the  establishment  of  some  general  and  permanent  fund  for  the 
relief  of  the  survivors  of  those  who  suffer  in  the  mines. 

X.  Nickel- Antimonerz. 

This  new  ore  of  nickel  has  been  lately  analyzed  by  Dr.  John. 
■  He  found  the  constituents  as  follows  : — 

Nickel 23'3S 

Antimony,  with  arsenic,  and  a  trace")  g^.^g 

of  iron J 

Sulphur     ,. 14*16 

Unknown   body,    probably   lead    or"!  Q.g„ 

silver,  with  silica J 

100-00 
XI.    New    Curve. 

(To  Dr.  Thomson.) 
SIR, 
By  presenting  to  the  readers  of  the  Annals  of  Philosophy  the 
following  curve,  which  1  denominate  a  radiatrix,  you  will  obh'ge 

M.   >J. 

Genesis  of  the  Curve. — If  one  extremity,  O,  of  the  radius  of  a 
circle  be  made  to  trace  the  circumference,  tlie  other  extremity,  V, 
moving  always  in  the  direction  of  a  given  point,  F,  in  the  circum- 
ference will  describe  a  curve  called  a  radiatrix. 

Definitions.— \.  The  directing  point,  F,  is  the /oc«5.     2.  Any 

-straight  line,  F  P  or  F  P',  drawn  from   the  focus  to  any  point  in 

-the  curve  is  a  chord.     3.  The  chords  FV  and  FV,  which  pass 

through  the  centre  of  the  circle,  are  the  interior  and  exterior  axes. 
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4.  The  extremities,  V  and  V,  of  the  axes  are  the  interior  and  ex- 
terior vertices.  5.  The  angle  contained  by  a  chord  and  the  axis  is 
the  vertical  inclination  of  that  chord. 

Corollary   1. — The  interior  axis  is  equal  to  the  radius  of  the 
circle,  and  the  exterior  axis  is  equal  to  thrice  that  radius. 


Corol.  2. — If  radius  equal  unity,  any  interior  chord,  F  P,  is 
equivalent  to  the  difference  between  the  interior  axis  and  the 
rectangle  under  twice  that  axis,  and  the  cosine  of  the  vertical 
inclination  of  that  chord, 

Corol.  3. — Any  exterior  chord  is  equivalent  to  the  interior  axis 
plus  or  minus  the  same  rectangle,  according  as  the  chord  is  greater 
or  less  than  the  interior  axis. 

Corol.  4. — If  a  tangent,  G  H,  to  the  circle  at  the  focus  be 
limited  by  the  curve  at  G  and  H,  it  is  equal  to  twice  the  interior 
axis. 

Problem. — Any  obtuse  angle,  A  B  F,  being  given,  to  trisect  it 
by  means  of  the  radiatrix. 

Produce  A  B  one  of  the  sides  of  the  angle,  and  upon  the  other 
side  let  a  segment  of  a  circle  be  described,  which  shall  contain  an 
angle  equal  to  the  supplemental  angle  C  B  F  :  through  F  as  a  focus, 
and  the  centre,  V,  as  an  interior  vertex,  let  a  radiatrix  be  described  : 
through  the  point  P,  where  the  curve  is  cut  by  the  diameter,  draw 
F  P  D,  join  D  B  and  D  V.  The  angle  D  B  P  is  one-third  part  of 
ABF.  ^ 

For  since  D  V  is  equal  to  B  V,  the  angle  V  D  B  is  equal  to 
V  B  D,  and  the  exterior  angle  D  V  P  to  double  of  the  interior 
angle  D  B  P  :  and  because  DP  is  in  the  direction  of  the  focus  F, 
D  P  is  equal  to  the  radius  D  V :  therefore  the  angle  D  P  V  is  equal 
to  D  V  P,  or  is  double  of  V  B  D.  Now  the  angle  C  B  F  being 
equal  to  BDP  in  the  alternate  egment,  the  angles  DBP  and 
D  P  B  are  together  equal  to  A  ^  F  :  and  consequently  the  angle 
D  B  P  is  one-third,  and  D  P  B  two-thirds,  of  A  B  F. 

Corollary. — The  excess  of  60"  above  one-third  of  A  BF  is  one- 
third  of  the  supplemental  acute  angle  C  B  F. 
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XII.  Nature  of  Fatty  Bodies.       .  1 

M.  Henri  Braconnot  has  lately  made  a  curious  set  of  experiments 
upon  the  fatty  bodies,  both  animal  and  vegetable.  He  has  shown 
that  tliey  all  consist  of  two  distinct  substances:  1.  A  liquid  oil: 
2.  A  solid  substance,  analogous  to  wax  or  tallow  iu  its  appearance 
and  properties.  He  separated  these  two  bodies  from  each  other  by 
a  mechanical  contrivance.  The  oil  is  im1)ibed  by  paper,  but  not 
the  wax.  He  therefore  compressed  the  fatty  body  in  the  midst  of  a 
sufficient  quantity  of  paper.  The  oil  was  absorbed,  while  the  wax 
remained  in  a  state  of  purity.  Then  by  steeping  the  paper  in  hot 
water,  the  oil  separated  from  it,  and  swam  upon  the  surface  of  the 
liquid.  'Ihe  wax  or  tallow  thus  obtained  from  all  the  fatty  bodies 
closely  resembles  myrtle  wax  in  its  properties.  If  the  fatty  body  be 
liquid,  it  is  necessary  to  congeal  it,  by  exposure  to  cold,  before  sub- 
jecting it  to  pressure. 

The  following  are  the  results  which  Braconnot  obtained  frond 
different  fatty  bodies. 

Vosges  butter  in  summer  is  composed  of 

Oil 60 

Tallow    40 

lOO 

But  in  winter  its  composition  was 

Oil 35 

Tallow 65 

100- 
Hog's  lard  was  composed  of 

Oil ; 62 

Tallow    38 

]00 
Ox  marrow,  of 

Tallow    76 

;  Oil , 24 

100 
Marrow  of  sheep,  of 

Tallow    26 

Oil 74 

100 
Goose  fat,  of 

Oil 68 

Tallow   , 32 

100 
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Duck  fat,  of 

Oit 72 

Tallow    28 

.;  100 

,•  Turkey  fat,  of 

Oil '. 74 

Tallow    '26 

100 
-  Olive  oil,  of 

Greenish  yellow  oil    72 

Tallow  (very  white)    28 

100 

Oil  of  sweet  almonds,  of 

Yellow  oil 76 

Tallow    24 

100 
Oil  of  colsa,  of 

Yellow  oil  54 

Tallow    46 

100 
(See  Annales  de  Chimie,  March,  1815.) 

XIII.  Accident  which  happened  to  M.  Vauqiielin. 

M.  Vauquelin,  wishing  to  examine  the  properties  of  chloric  acid 
lately  discovered  by  M.  Gay-Lussac,  prepared  a  quantity  of  it 
according  to  the  process  of  Mr.  Chenevix.  This  process  consists  in 
saturating  barytes  with  chloric  acid,  and  evaporating  to  dryness. 
The  saline  mass  is  mixed  with  phosphate  of  silver,  and  boiled  in 
water  acidulated  with  acetic  acid.  Nothing  remains  in  solution  but 
cWorate  of  barytes,  which  is  easily  obtained  in  crystals.  Vauquelin 
put  30  grains  of  these  crystals  into  a  platinum  crucible,  and  ex- 
posed them  to  heat,  in  order  to  ascertain  the  quantity  of  oxygen  gas 
which  they  contained.  A  violent  detonation  took  place,  and  the 
crucible  was  broken  and  torn  in  a  remarkable  manner.  Vauquelin 
found  that  these  crystals  were  not  pure  chlorate  of  barytes.  They 
contained  likewise  a  mixture  of  acetate  of  barytes.  To  this  salt  the 
combustion  was  owing.  Hence  Chenevix's  method  of  preparing 
this  salt  dees  not  answer. 
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Article  XII. 

List  of  Patents. 

Thomas  Potts,  Batchworth  Mills,  Rickmansworth,  fn  the 
county  of  Herts;  for  combining  and  applying  principles  already 
known  for  the  purpose  of  producing  pure  fresh  warm  air,  and  of 
such  mode  or  means  of  combination  and  application  of  principles 
already  known  to  such  purposes  as  aforesaid.     March  14,  1815. 

Jonathan  Ridgway,  Manchester  ;  for  a  method  of  casting  and 
fixing  at  the  same  time  metallic  types  on  the  surface  of  metallic 
cylinders  or  metallic  rollers  ;  or  any  cylinders  or  pollers  having  me- 
tallic surfaces  ;  or  on  blocks  of  metal ;  or  on  blocks  having  metallic 
surfaces ;  or  on  flat  metallic  plates ;  for  the  purpose  of  printing 
patterns  on  cloth  made  of  cotton  or  linen,  or  both.  March  14, 
1815. 

William  Bell,  Edinburgh  ;  for  certain  improvements  in  the 
apparatus  for  manuscripts  or  other  writings  or  designs.  March  14, 
1815. 

Hknry  Houldsworth,  Anderton,  near  Glasgow ;  for  a  me- 
thod of  discharging  the  air  and  condensed  steam  from  pipes  used 
for  the  conveyance  of  steam,  for  the  purposes  of  heating  buildings, 
or  other  places.     March  18,  1815, 

Charles  Gent,  Congleton,  Chester,  and  SauARE  Clark  ;  for 
a  method  of  making  a  swift,  and  other  apparatus  thereto  belonging, 
for  the  purpose  of  winding  silks.     March  21,   1815. 

Richard  Smith,  Tibbington  House,  Staffordshire;  for  im- 
provements in  smelting  iron  stone  or  iron  ore,  lead  or  copper  ore, 
and  other  mineral  or  metallic  substances;  also  of  refining  crude 
iron,  lead,  copper,  gold,  silver,  tin,  and  all  other  metals  or  me- 
tallic bodies  ;  and  of  mating  and  manufacturing  iron.  March  29, 
1815. 

Thomas  Basot,  Birmingham ;  for  a  method  and  machine  for 
passing  boats,  barges,  and  other  vessels  from  a  higher  to  a  lower 
level,  and  the  contrary,  without  loss  of  water.     April  4,   1815. 

William  Vaughan  Palmer,  Ihninster,  Somersetshire;  for  a 
method  of  twisting  and  laying  of  hemp,  flax,  ropes,  twine,  line, 
thread,  mohair,  wool,  cotton,  silk,  and  metals,  by  machinery, 
whereby  considerable  saving  of  manual  labour  is  effected.  April 
4,   1815. 

William  Losk,  Point  Pleasant,  Northumberland  ;  for  a  plan 
for  fire-places  or  furnaces  for  heating  ovens  and  boilers,  and  the 
water  or  other  liquids  contained  in  boilers,  and  for  converting  such 
water  or  other  liquids  into  steam,  for  the  purpose  of  working  en- 
gines, and  for  other  uses  in  manufactures.     April  8,  1815. 

Joshua  Shaw,  Mary-street,  Fitzroy-square,  London;  for  cer- 
tain improvements  in  the  tool  or  instrument  called  the  glazier's 
diamond.     April  14,  1815, 
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METEOROLOGICAL  TABLE. 


Barometer. 

Thermometer.     |                | 

"~ 

1815. 

Wind. 

Max. 

MiD. 

Med. 

Max. 

Min. 

Med. 

Evap. 

Rain. 

5th  Mo. 

May  31 

s  w 

29-90 

29  75  29-825 

72 

54 

63-0 

_ 

C 

6th  Mo. 

June  1 

N     E 

30-03 

29-80  29-915 

70 

38' 

54-0 

2 

N   W 

30-03 

2993 

29980 

72 

55 

63-5 

-22 

3 

W 

29-93 

29-83 

29-88O 

69 

56 

62-5 

2 

4 

w 

29-83 

2955 

29-690 

73 

54 

63-5 

5 

s   w 

29-55 

29-41  29-480 

71 

47 

59-0 

6 

s   w 

29-46 

29-33  29-395 

68 

45 

56-5 

•45 

•28 

7 

29-62 

29-33  29-475 

72 

42 

57-0 

0 

8 

S      E 

2977 

29-62 

29-695 

72 

46 

59-0 

-_ 

9 

S  .    E 

29-78 

2977 

29-775 

73 

42 

57-5 

10  N   W 

29-78 

29-74 

29-760 

72 

45 

5S-5 

US    w 

29-73 

29-67 

29-700 

76 

41 

58-5 

1 

12 

S 

29-67 

2943 

29-550 

6s 

43 

55-5 

— 

13 

Var. 

29-43 

29-21 

29-320 

67 

50 

58-5 

■50 

•80 

14 

W 

29-42 

29-21 

29-315 

68 

45 

56-5 

9 

D 

15 

S     W2979 

29-42 

29-605 

70 

45 

57-5 

16 

E     29-79 

29-50  29-645 

SO 

55 

67-5 

•23 

17 

S     W 

29-53 

29-46 

29-495 

76 

54 

65-0 

8 

18 

S     W 

29'6"3 

29-55 

29-590 

74 

51 

62-5 

19 

S 

29-6'3 

29-59 

29610 

73 

55 

640 

20 

N 

29-68 

29-57 

29-625 

74 

46 

60-0 

21 

S     W 

29-8l!29  6s 

29745 

73 

50 

61 -5 

-43 

• 

22 

N     E 

29-S6  29-81 

29835 

74 

44 

590 

4 

23 

N     E 

299629-86 

29-910 

71 

52 

6l-5 

24 

N 

29-96  29-86 

29-910 

74 

55 

64-5 

8 

25 
26 

27 

N     E 

30-0I,29-S6 

29935 

67 

40 

53-5 

W 

30-082998 

30-030 

75 

44 

59-5 

28 

w 

30-17 
30-17 

3008 

1 

30-125 

79 

49 

64-0 

-30 

2921 

29-708 

'so 

38 

60-10    1-73 

1-85 

The  obsfcrvations  in  each  line  of  the  table  apply  to  a  period  of  twenty-four 
hours,  beginning  at  9  A.M.  on  tlie  day  indicated  in  the  first  column.  A  dash 
denotes,  that  the  result  is  included  in  the  next  following  obierv alien. 
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REMARKS. 

Sixth  Month. — 4.  Cloudy  :  windy.  5,  6.  Windy,  with  CumU' 
lostratus  and  Clrrorumuhis :  showers.  7-  Heavy  clouds:  and  at 
noon  a  sound  like  distant  thunder  in  the  N.  E. :  towards  evening 
the  dense  clouds  dispersed,  leaving  Cirri  at  a  great  elevation,  and  a 
most  beautiful  Cirrostratu^,  grained  like  wood,  in  the  N  W.  : 
hygrometer  (De  Luc's)  30°  to  35°.  8.  A  grey  sky,  with  CirrofU' 
mtduSf  &c.  which  formed  heavy  CumuLostratus,  threatening^ 
thunder :  but  a  few  drops  of  rain  falling,  the  whole  dispersed, 
save  some  Cinostrnlus.  9.  Cirrocumnlus,  with  CirrosirafiiA  :  a 
fine  day :  much  dew  at  night,  with  5°  difference  in  the  thermo- 
meters. 10.  A  very  fine  day  :  in  the  course  of  which  the^ hygro- 
meter went  to  21°.  11.  a.m.  Clouds  and  wind,  followed  by  a 
shower,  p.m.  12.  Overcast:  hygrometer,  at  S  a.m.  62°;  at  9, 
55" :  clouds  from  S.  E.,  the  wind  being  N  W.  :  a  little  rain  :  ther 
evening  obscure,  with  Cirrus  and  Cirrostratus  hanging  very  low. 
13.  Cloudy  morning :  showers :  after  which  large  Cumuli,  capped 
and  followed  by  Nimbi :  from  one  to  two,  p.  ra.  heavy  rain,  the 
wind  going  from  S.  E.  by  S.  to  N.  E,  then  back  to  S.  VV.  :  some 
thunder  followed,  and  a  fine  afternoon,  but  the  Cirrostratus  re- 
mained at  night.  14.  Wet  morning  :  hygr.  at  8,  72°  ;  at  9,  50°: 
after  some  showers,  a  fine  afternoon.  15.  Hygr.  at  9,  55°: 
showers  and  wind  :  fair,  p.  m.  16.  Hygr.  at  9,  39°  :  a  fine  day  : 
Cirrus:  a  corona  round  the  moon.  17.  Hygr.  71°:  wet  morning, 
and  rain  in  the  night:  a  slight  shower,  p.m.  18.  Hygr.  52*: 
rain  in  the  night:  rather  cloudy.  19.  Hygr.  43°:  a  pretty  fine 
day.  20.  Hygr.  40°:  rather  a  dull  day.  21.  Hygr,  55°: 
pleasant :  not  very  sunny  :  about  one,  p.  m.  a  clap  of  thunder,  and 
a  few  large  drops  of  rain.  22.  Hygr.  49°:  a  dull  cloudy  morning: 
a  little  rain,  p.m.  23.  Hygr.  44°:  morning  cloudy  :  pretty  high 
wind.  24.  Hygr.  33°:  morning  very  dull :  about  12,  cleared  up, 
and  the  sun  shone  very  hot :  p.  m.  cloudy  again.  25.  Rain  in  the 
night :  p.  m.  sunshine  at  intervals.  26,  27>  2^*  Very  fine  days  : 
hygr.  46°  to  52°. 

RESULTS. 

Winds    Variable. 

Barometer:  Greatest  height 30*17  inches 

Least 29-21 

Mean  of  the  period 29708 

Thermometer:  Greatest  height 80° 

Least 38 

Mean  of  the  period  ....  60*10 

Evaporation,  1*83  inch.  Rain,  1*75  inch. 

•  »•  The  observations  from  the  16ih  inclusive  to  the  end  were  made,  inrnj- 
absence  from  home,  by  my  sod,  Robert  Howard. 

Tottenham,  L.  HOWARD, 

Seventh  Month,  10,  1815. 
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Article  I. 


Biographical  Account  of  M.  Parmenlier.     By  M.   Cuvief, 
Secretary  of  the  Institute. 

1  HE  scieoces  have  made  that  degree  of  progress  as  no  ]onger  to 
excite  such  astonishment  at  the  great  eflbrts  which  tliey  suppose, 
and  the  striking  truths  which  they  bring  to  light,  as  at  tlie  immense 
advantages  which  tlieir  application  daily  produces  to  society.  There 
is  not  one  at  present  in  which  the  discovery  of  a  single  proposition 
may  not  enrich  a  whole  people,  and  change  the  face  of  states  ;  and 
jhis  influence,  far  from  diminishing,  must  daily  increase,  because 
It  is  easy  to  prove  that  it  depends  upon  the  nature  of  things. 

Allow  me  to  make  some  reflections  on  this  subject,  which  cannot 
be  misplaced,  either  in  this  house  or  before  this  assembly.* 

Hunger  and  cold  are  tlie  two  great  enemies  of  our  species.  The 
object  of  all  our  hearts  is  either  directly  or  indirectly  to  combat 
them. 

This  is  accomplished  by  the  combination  and  the  disenga«-ement 
of  two  or  three  elementary  substances.  '^ 

To  nourish  ourselves  is  nothing  else  than  to  replace  the  parcels  of 
carbon  and  hydrogen  which  rtjspiration  and  transpiration  carry  off; 
\o  warm  ourselves  is  to  retard  the  dissipation  of  the  heat  which 
rc^[)iration  furnishes. 

To  one  or  other  of  these  functions  are  dsvoted  both  the  palace 
and  the  cottage ;  both  the  brown  bread  of  the  poor,  and  the  ex- 
pensive food  of  the  glutton ;  both  the  purple  of  kings,  and  the 
tfatters  of  beggars.     Consequently  architecture  autl  the  liberal  arts, 

•  This  Elogt  was  read  to  :he  iVenrh  li;stitutr 
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agriculture  and  manufactures,  navigation,  commerce,  everi  the 
greater  number  of  wars,  and  that  great  developement  of  courage 
and  genius,  that  great  apparatus  of  exertion  and  knowledge  which 
they  require,  have  nothing  else  for  their  final  object  than  two 
simple  chemical  operations.  Consequently  the  smallest  new  fact 
respecting  the  laws  of  nature  in  these  two  operations  may  reduce  the 
public  and  private  expenses,  may  change  the  tactics  and  direction 
of  commerce,  may  transfer  the  power  of  one  people  to  another,  and 
may  ultimately  alter  the  fundamental  relations  of  the  classes  of 
society. 

This  carbon  and  this  hydrogen,  which  we  consume,  without 
ceasing,  in  our  fires,  in  our  clothes,  in  our  food,  are  continually 
reproduced  for  a  new  consumption  by  vegetables  which  obtain  them 
from  the  atmosphere  and  from  water.  Vegetation  itself  is  fixed  by 
the  extent  of  the  soil,  by  the  species  of  vegetables  cultivated,  and 
by  the  proportion  of  wood,  of  meadows  and  corn-fields.  It  would 
be  vain,  therefore,  for  the  most  paternal  government  to  increase  the 
population  of  its  territories  beyond  a  certain  limit.  All  its  cares 
would  be  inefficacious,  unless  science  came  to  its  assistance.  But 
let  a  philosopher  contrive  a  fire-place  which  saves  a  portion  of  the 
fuel.  This  is  exactly  the  same  thing  as  if  he  had  added  to  the 
quantity  of  our  territory  planted  with  wood.  Let  a  botanist  point 
out  a  plant  which  in  the  same  space  furnishes  more  nourishment. 
This  is  the  same  thing  as  if  he  had  in  the  same  proportion  aug- 
mented our  cultivated  fields.  Immediately  there  will  be  room  in 
the  country  for  a  greater  number  of  active  men. 

Happy  conquests  which  occasion  no  effusion  of  blood,  and  which 
repair  the  disasters  of  vulgar  conquests  1  Yes !  how  paradoxical 
soever  it  may  appear,  it  is  owing  essentially  to  the  progress  of  the 
sciences  that  society  does  not  sink  under  the  effects  of  its  own  fury. 

Without  chemistry,  what  would  have  become  of  all  our  manu- 
factures when  we  were  shut  out  from  the  places  which  furnished  the 
?aw  materials?  Has  not  vaccination  preserved  those  children  des- 
tined shortly  to  replace  tliosc  that  have  been  cut  off  by  war  ?  And 
to  confine  ourselves  solely  to  the  labours  of  Parmentier  and  Count 
Rumford,  is  it  not  evident  to  all  the  world  that  the  perseverance 
with  which  the  former  encouraged  the  culture  of  potatoes  has  ren- 
dered whole  countries,  formerly  sterile,  fertile  and  inhabitable,  and 
has  twice  saved  us  within  20  years  from  the  horrors  of  famine  ;  that 
the  discoveries  of  the  other  on  the  best  method  of  employing  com- 
bustibles have  counterbalanced  the  devastation  of  our  forests,  and 
that,  applied  to  the  preparation  of  food,  they  support  even  at  this 
moment,  from  one  end  of  Europe  to  the  other,  an  infinite  number 
of  unfortunate  persons. 

Let  any  person  reflect  for  a  moment  on  the  effect  of  a  small  im- 
provement applied  to  so  great  a  scale,  and  he  will  see  that  it  must 
be  calculated  by  hundreds  of  millons. 

If  I  could  bring  before  you  those  fathers  of  families  wiio  no 
longer  hear  around  them  the  melancholy  cries  of  want ;  those  ma- 
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thers  who  have  recovered  that  milk  of  which  misery  was  drying  up 
the  source ;  those  children  who  no  longer  perish  in  their  first  years, 
withering  like  flowers  in  spring ; — if  I  could  inform  them  to  whom 
they  are  indebted  for  these  alleviations  of  their  misfortunes,  their 
cries  of  gratitude  would  render  it  unnecessary  for  me  to  speak : 
there  is  not  one  of  you  who  would  not  willingly  exchange  his  finest 
discovery  for  such  a  concert  of  blessings. 

You  will  listen  therefore  with  some  interest  to  the  details  of  the 
life  of  this  useful  man — this  is  a  tribute  which  you  will  pay  to  those 
labours  which  the  progressive  state  of  civilization  requires  the  most 
imperiously. 

Antoine  Augustin  Parmentier  was  born  at  Montdidier  in  1737> 
of  a  family  established  for  many  years  in  that  city,  the  chief  offices 
in  the  magistry  of  which  it  had  filled. 

The  premature  death  of  his  father,  and  the  small  fortune  which 
he  left  to  a  widow  and  three  young  children,  confined  the  first 
education  of  M.  Parmentier  lo  some  notions  of  Latin,  which  his 
moti;er  gave  him — a  woman  of  abilities,  and  better  informed  than 
most  of  her  rank. 

An  honest  ecclesiastic  undertook  to  develope  these  first  germs,  on 
the  supposition  that  this  young  man  miglit  become  a  precious  sub- 
ject for  religion;  but  the  necessity  of  supporting  his  family  obliged 
him  to  choose  a  situation  which  would  olfer  more  speedy  resources. 
He  was  therefore  under  the  necessity  of  interrupting  his  studies ; 
and  his  laborious  life  never  allowed  him  to  resume  them  again  com- 
pletely. This  is  the  reason  why  liis  works,  so  important  for  their 
utility,  have  not  always  that  order  and  precision  which  learning  and 
long  practice  alone  can  give  to  a  writer. 

In  1755  he  was  bound  apprentice  to  an  apothecary  of  Montdidier, 
and  next  year  came  to  continue  it  with  one  of  his  relations,  who 
exercised  the  same  profession  in  Paris.  Having  shown  intelligence 
and  industry,  he  was  employed  in  1757  as  apothecary  in  the  hos- 
pitals of  the  army  of  Hanover.  The  late  M.  Bayen,  one  of  the 
most  distinguished  members  whom  that  Class  ever  possessed,  pre- 
sided then  over  that  part  of  the  science.  It  is  well  known  that  he 
was  no  less  estimable  for  the  elevation  of  his  character  than  for  his 
talents.  He  observed  the  dispositions  and  the  regular  conduct  of 
young  Parmentier,  contracted  an  acquaintance  with  him,  and  in- 
troduced him  to  M.  Chamousset,  Intendant  General  of  the  Hos- 
pitals, rendered  so  celebrated  by  his  active  benevolence,  and  to 
whom  Paris  and  France  are  indebted  for  so  many  useful  establish- 
ments. 

It  was  in  the  conversation  of  these  two  excellent  men  that  M. 
Parmentier  imbibed  the  notions  and  sentiments  which  produced 
afterwards  all  his  labours.  He  learned  two  things  equally  unknown 
to  those,  whose  duty  it  was  to  have  been  acquainted  with  them  :  the 
extent  and  variety  of  misery  from  which  it  would  be  possible  to  free 
the  common  people,  if  we  were  seriously  to  occupy  ourselves  with 
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their  happiness  ;  and  tlie  number  and  power  of  tli*  resources  which 
nature  v/ould  offer  against  so  many  scourges,  if  we  were  at  the 
trouble  to  extend  and  encourage  the  study  of  them. 

Chemical  knowledge,  which  originated  in  Germany,  was  at  that 
time  more  general  in  that  country  than  in  France.  More  applica- 
tions of  it  had  been  made.  The  many  petty  sovereigns  who  divided 
that  country  had  paid  particular  attention  to  the  amelioration  of 
their  dominions ;  and  the  chemist,  the  agriculturist,  the  friend  of 
useful  arts,  met  equally  with  facts  before  unknown  to  them. 

M.  Parmentier,  stimulated  by  his  virtuous  masters,  took  advan- 
tage of  these  sources  of  instruction  with  ardour.  When  his  service 
brought  him  to  any  town,  he  visited  the  manufactures  least  known 
in  France  ;  he  requested  of  the  apothecaries  leave  to  work  in  their 
laboratories.  In  the  country  he  observed  the  practice  of  the  far- 
mers. He  noted  down  the  interesting  objects  which  struck  him  in 
his  marches  along  with  the  troops.  Nor  did  lie  want  opportunities 
of  seeing  all  varieties  of  thmgs;  for  he  was  five  times  taken  pri- 
soner, and  transported  to  places  whither  his  generals  would  not  liave 
carried  him.  He  learned  then  by  his  own  experience  how  far  the 
horrors  of  need  might  go,  a  piece  of  information  necessary  perhaps 
to  kindle  in  him  in  all  its  vigour  that  glowing  fire  of  humanity 
which  burnt  in  him  during  the  whole  of  his  long  life. 

But  before  making  use  of  the  knowledge  which  he  had  acquired, 
and  attempting  to  ameliorate  the  lot  of  the  common  people,  it  was 
necessary  to  endeavour  to  render  his  own  situation  less  precarious. 

He  returned  then  at  the  peace  of  1763  to  the  capital,  and  re- 
sumed in  a  more  scientific  manner  the  studies  belonging  to  his  art. 
The  lectures  of  NoUet,  Rouelle  and  d'Antoine,  and  of  Bernard  de 
Jussieu,  extended  his  ideas,  and  assisted  him  in  arranging  them. 
He  obtained  extensive  and  solid  knowledge  in  all  the  physical 
sciences :  and  the  place  of  lov.er  apotiiecary  being  vacant  at  the 
Invalides'm  I7<><jj  he  obtained  it,  after  an  examination  obstinately 
disputed. 

His  maintenance  was  thus  secured,  and  his  situation  soon  became 
sufficiently  comfortable.  The  administration  of  the  house  seeing 
that  his  conduct  justified  liis  success,  induced  the  King  in  )77-  to 
make  him  Apothecary  in  Chief;  a  recoinpense  which  an  unforeseen 
accident  rentlered  more  complete  than  had  been  intended,  or  than 
he  had  expected. 

The  phannacy  of  the  Invalides  had  been  directed  from  its  first 
fstablishment  by  the  Sceurs  de  Charile.  These  good  women,  who 
had  made  a  great  deal  of  young  Parmentier  while  he  was  only  tlieir 
bov,  took  it  ill  that  lie  should  he.  put  upon  a  level  witli  them.  They 
made  so  much  noise,  and  put  in  motion  such  powerful  interest, 
that  the  King  himself  was  oiiliged  to  draw  back  ;  and  after  two 
years  of  controversy,  he  made  the  singular  decision  that  Parmentier 
shoidd  continue  to  enjoy  the  advantages  of  his  place,  but  should  no 
hinger  fulfil  its  function?.  . 
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This  enabled  him  to  devote  the  whole  of  his  time  to  his  zeal  for 
researches  of  general  utility.  From  that  moment  he  never  inter- 
rupted them. 

The  first  opportunity  of  publishing  some  results  respecting  his 
favourite  subject  had  been  given  him  in  177]  by  the  Academy  of 
Besancon,  The  scarcity  in  1769  had  drawn  t!ie  attention  of  the 
administration  and  of  philosophers  towards  vegetables  which  might 
supply  the  place  of  corn,  and  the  Academy  had  made  the  history  of 
them  the  subject  of  a  prize,  which  Parmentier  gained.  He  endea- 
voured to  prove  in  his  dissertation  that  the  most  useful  nourishing 
substance  in  vegetables  is  starch,  and  he  showed  how  it  might  be 
extracted  from  the  roots  and  seeds  of  different  indigenous  plants, 
and  how  deprived  of  the  acrid  and  poisonous  principles  which  alter 
it  in  some  plants.  He  pointed  out  likewise  the  mixtures  which 
•would  assist  in  converting  this  starch  into  good  bread,  or  at  least 
into  a  kind  of  biscuit  fit  for  being  eaten  in  soup.* 

There  is  no  doul)t  that  in  certain  cases  some  advantage  may  be. 
derived  from  the  methods  which  he  proposes ;  but  as  most  of  the 
plants  pointed  out  are  wild,  scanty,  and  would  cost  more  than  the 
dearest  corn,  -absolute  famine  is  the  only  thing  that  could  induce 
mankind  to  make  use  of  tiiem.  Parmentier  easily  perceived  that  it 
was  better  to  turn  the  attention  of  cultivators  to  such  plants  as 
would  render  a  famine,  or  even  a  scarcity,  impossible.  He  there- 
fore recommended  the  potatoe  with  all  his  might,  and  opposed  with 
constancy  the  prejudices  which  opposed  themselves  to  the  propaga- 
tion of  this  important  root. 

Most  botanists,  and  Parmentier  himself,  have  stated  on  the  autho- 
rity of  Gaspar  Bauhin  that  the  potatoe  was  brought  from  Virginia 
about  the  end  of  the  sixteenth  century;  and  they  usually  ascribe  to 
the  celebrated  and  unfortunate  Ralegh  the  honour  of  having  first 
brought  it  to  Europe.  I  think  it  more  probable  that  it  was  brought 
from  Peru  by  tiie  Spaniards,  Ralegh  only  went  to  Virginia  in  the 
year  1586  ;  and  we  may  conclude,  from  the  testimony  of  Ciuvius, 
that  in  1587  tfie  potatoe  was  common  in  different  parts  of  Italy, 
and  that  it  was  already  given  to  cattle  in  that  country.  This  sup- 
poses at  least  several  years  of  cultivation.  This  vegetable  was 
pointed  out  about  the  end  of  the  sixteenth  century  by  several 
Spanish  writers,  as  cultivated  in  the  environs  of  Quito,  where  it 
was  called /jf/pai-,  and  where  different  kinds  of  dishes  were  prepared 
from  it:  and,  what  seems  decisive.  Banister  and  Clayton,  who  have 
investigated  the  indigenous  plants  of  Virginia  with  'great  care,  do 
not  reckon  the  potatoe  among  the  number;  and  Banister  mentions 
expressly  that  he  liad  for  12  years  sought  in  vain  for  that  plant ;  f 

•  The  memoir  which  gained  the  jiiize  on  this  question  :  Indiguer  les  Vezetaur 
qui  pourroicnt  suppleer  en  Temps  de  OiscKc  a  ceux  qu'on  employe  TODirauiiement 
4la  Nournturedes  Hommes.     Paris,   Knapen,   1773,  in  l'2mo. 

+  Morijon,  Hist.  PJant.  E.xof.  iii.  522. 
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\vhile  Dombey  found  it  in  a  wild  state  on  all  the  Cordillieras,  where 
the  Indians  still  apply  it  to  the  same  purposes  as  at  the  time  of  the 
original  discovery. 

The  mistake  may  have  been  owing  to  this  circumstance,  that 
Virginia  produces  several  other  tuberose  plants,  which  from  imper- 
fect descriptions  may  have  been  confounded  with  the  potatoe. 
Bauhin,  for  example,  took  for  the  potatoe  the  plant  called  openawk 
by  Thomas  Harriot.  There  are  likewise  in  Virginia  ordinary  pota- 
toes ;  but  the  anonymous  author  of  the  history  of  that  country  says, 
that  they  have  nothing  in  common  with  the  potatoe  of  Ireland  and 
England,  which  is  our  pomme  de  terre. 

Be  this  as  it  may,  that  admirable  vegetable  was  received  in  a 
very  different  manner  by  the  nations  of  Europe.  The  Irish  seem  to 
have  taken  advantage  of  them  first  j  for  at  an  early  period  we  find 
the  plant  distinguished  by  the  name  of  Irish  potatoe.  But  in  France 
they  were  at  first  proscribed.  Bauhin  states  that  in  his  time  the  use 
of  them  had  been  prohibited  in  Burgundy,  because  it  was  supposed 
that  they  produced  the  leprosy. 

It  is  difficult  to  believe  that  a  plant  so  innocent,  so  agreeable,  so 
productive,  which  requires  so  little  trouble  to  be  rendered  fit  for 
food  ;  that  a  root  so  well  defended  against  the  intemperance  of  the 
seasons;  that  a  plant  which  by  a  singular  privilege  unites  in  itself 
every  advantage,  without  any  other  inconvenience  than  that  of  not 
lasting  all  the  year,  but  which  even  owes  to  this  circumstance  the 
additional  advantage  that  it  cannot  be  hoarded  up  by  monopolists — 
that  such  a  plant  should  have  required  two  centuries  in  order  to 
overcome  the  most  puerile  prejudices. 

Yet  we  ourselves  have  been  witnesses  of  the  fact.  The  English 
brought  the  potatoe  into  Flanders  during  the  wars  of  Louis  XIV. 
It  was  thence  spread,  but  very  sparingly,  over  some  parts  of  France. 
Switzerland  had  put  a  higher  value  on  it,  and  had  found  it  very 
good.  Several  of  our  southern  provinces  had  planted  it  in  imita- 
tion of  that  country  at  the  period  of  the  scarcities,  which  were 
several  times  repeated  during  the  last  years  of  Louis  XV.  Turgot 
in  particular  rendered  it  common  in  the  Limousin  .^nd  the  Angou- 
mois,  over  which  he  was  Intendant;  and  it  was  to  be  expected  that 
in  a  short  time  this  new  branch  of  subsistence  would  be  spread  over 
the  kingdom,  when  some  old  physicians  renewed  against  it  the  pre- 
judices of  the  sixteenth  century. 

It  was  no  longer  accused  of  producirig  leprosy,  but  fevers.  The 
scarcities  had  produced  in  the  south  certain  epidemics,  which  they 
tiiought  proper  to  ascribe  to  the  sole  means  which  existed  to  prevent 
them.  The  Comptroller  General  was  obliged  in  1771  to  request 
the  opinion  of  the  faculty  of  medicine,  in  order  to  put  an  end  to 
these  false  notions. 

Parmentier,  who  had  learned  to  appreciate  the  potatoe  in  tlie 
prisons  of  Germany,  where  he  had  been  often  confined  to  that 
food,  seconded  the  views  of  the  Minister  by  a  chemical  examination 
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of  this  root,*  in  which  he  demonstrated  tliat  none  of  its  consti- 
tuents are  hurtful.  He  did  better  still.  To  give  the  people  a 
relish  for  them,  he  cultivated  them  in  the  open  fields,  in  places  very 
much  frequented.  He  guarded  them  carefully  during  the  day  only; 
and  was  happy  when  he  had  excited  as  much  curiosity  as  to  induce 
people  to  steal  some  of  them  during  the  night.  He  would  have 
wished  tliat  the  King,  as  we  read  of  the  Emperors  of  China,  had 
traced  the  first  furrow  of  his  field.  His  Majesty  thought  proper  at 
least  to  wear  a  bunch  of  potatoe  flowers  at  his  button-liole  in  the 
midst  of  the  Court  on  a  festival  day.  Nothing  more  was  wanting 
to  induce  several  great  Lords  to  plant  this  root. 

Parmentier  wished  likewise  to  engage  the  cooks  of  the  great  in 
the  service  of  the  poor,  by  inducing  them  to  practise  their  skill  on 
the  potatoe ;  for  he  was  aware  that  the  poor  could  not  obtain  pota- 
toes in  abundance  unless  they  could  furnish  the  rich  with  an  agree- 
able article  of  food.  He  informs  us  that  he  one  day  gave  a  dinner 
composed  entirely  of  potatoes,  with  20  difTerent  sauces,  all  of  which 
gratified  the  palates  of  his  guests. 

But  the  enemies  of  the  potatoe,  though  refuted  in  their  attempts 
to  prove  it  injurious  to  the  health,  did  not  consider  themselves  as 
vanquished.  They  pretended  that  it  injured  the  fields,  and  ren- 
<lered  them  barren.  It  was  not  at  all  likely  that  a  plant  which  is 
capable  of  nourishing  a  greater  numberof  cattle,  and  multiplying 
the  manure,  should  injure  the  soil.  It  was  necessary,  however,  to 
answer  this  objection,  and  to  consider  the  potatoe  in  an  agricultural 
point  of  view.  Parmentier  accordingly  published  in  different  forms 
every  thing  regarding  its  cultivation  and  uses,  even  in  fertilizing  the 
soil.  He  introduced  the  subject  into  philosophical  works,  into 
popular  instructions,  into  journals,  into  dictionaries,  into  works  of 
all  kinds.  During  40  years  he  let  slip  no  opportunity  of  recom- 
mending it.  Every  bad  year  was  a  kind  of  auxiliary,  of  which  he 
profited  with  eare  to  draw  the  attention  of  mankind  to  his  favourite 
plant. 

Hence  the  name  of  this  salutary  vegetable  and  his  own  have  he- 
come  almost  inseparable  in  the  memory  of  the  friends  of  humanity, 
Kven  the  common  people  united  them,  and  not  always  with  grati- 
tude. At  a  certain  period  of  the  Revolution  it  was  proposed  to 
give  Parmentier  some  municipal  place.  One  of  the  voters  opposed 
this  proposal  with  fury  :  "  He  will  make  us  eat  potatoes,"  said  he, 
*'  it  was  he  who  invented  them." 

But  Parmentier  did  not  ask  the  suffrages  of  the  people.  He 
knew  well  that  it  was  always  a  duty  to  serve  them.  But  he  knew 
equally  that  as  long  as  their  education  remained  what  it  is,  it  was  a 
duty  likewise  not  to  consult  them.  He  had  no  doubt  that  at  length 
the  advantage  of  his  plans  would  be  appreciated.     And  one  of  the 
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fortunate  things  attending  Iiis  old  age  was  to  see  the  almost  com- 
plete success  of  his  perseverance.  "  The  potatoe  has  now  only 
friends,"  he  wrote  in  one  of  his  last  works,  "  even  in  tliose  cantons 
from  which  the  spirit  of  system  and  contention  seemed  anxious  to 
banish  it  for  ever. 

But  Farmentier  was  not  one  of  tho?e  persons  who  occupy  them- 
selves exclusively  with  one  idea.  The  advantages  which  he  had 
perceived  in  the  potatoe  did  not  make  him  neglect  those  offered  by 
other  vegetables. 

Maize,  the  plant  which,  next  to  the  potatoe,  gives  the  most  eco- 
nomical food,  is  likewise  a  present  of  the  New  World,  although  in 
some  places  it  is  still  obstinately  called  Turkey  corn.  It  was  the 
principal  food  of  the  Americans  when  the  Spaniards  visited  their 
coasts.  It  was.  brought  to  Europe  much  earlier  than  the  potatoe ; 
for  Fuchs  describes  it,  and  gives  a  drawing  of  it,  in  1543.  It  was 
likewise  spread  more  quickly ;  and  by  giving  to  Italy,  and  our 
southern  provinces,  a  new  and  abundant  article  of  food,  it  has 
greatly  contributed  to  enrich  them,  and  to  increase  their  popu- 
lation. 

Parmentier,  therefore,  in  order  to  encourage  its  culture,  had  need 
only  to  explain,  as  he  does  in  a  very  complete  manner,  the  precau- 
tions which  iis  cultivation  requires,  and  the  numerous  uses  to  which 
it  may  be  applied.  He  wished  to  exclude  buck  wheat,  which  is  so 
inferior,  from  the  few  cantons  where  it  is  still  cultivated. 

The  acorn,  which  they  say  nourished  our  ancestors  before  they 
were  acquainted  with  corn,  is  still  very  useful  in  some  of  our  pro- 
vinces, chiefly  about  the  centre  of  the  kingdom.  M.  Daine,  In- 
tendant  of  Limoges,  induced  Parmentier  to  examine  whether  it  was 
not  possible  to  make  from  it  an  eatable  bread,  and  capable  of  being 
kept.  His  experiments  we.»-e  unsuccessful  ;  but  they  occasioned  a 
complete  treatise  on  the  acorn,  and  on  tlie  different  preparations  of 
its  food. 

Corn  itself  was  an  object  of  long  study  with  him  ;  and  perhaps 
hff  has  not  been  of  less  service  in  explaining  the  best  methods  of 
grinding  and  baking,  than  in  spreading  the  cultivation  of  potatoes. 
Chemical  analysis  having  informed  him  that  bran  contains  no 
nourishment  proper  for  man,  he  concluded  that  it  was  advantageous 
to  exclude  it  from  bread.  He  deduced  from  this  the  advantages  of 
an  economical  method  of  grinding,  which,  by  subjecting  the  grain 
Tepe?iti'diy  to  the  mill  and  the  sieve,  detaches  from  the  bran  even 
the  minutest  panicles  of  flour;  and  he  proved  likewise  that  it  fur- 
nished, at  a  lower  price,  a  white,  agreeable,  and  more  nutritive 
bread.  Ignorance  had  so  misunderstood  the  advantages  of  this 
method,  that  laws  had  long  existed  to  prevent  it,  and  that  the  most 
'precious  part  of  the  grain  was  given  to  the  cattle  along  with  the 
bran. 

Parmentier  studied  with  care  every  thing  relating  to  bread ;  and 
because  books  would  have  been  of  little  service  to  millers  and 
bakers,  people  who  scarcely  read  any,  he  induced  Government  to 
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establish  a  School  of  Baiting,  from  which  the  pupils  would  speedily 
carry  into  the  provinces  all  the  good  practices.  He  went  himself  to 
Britannyand  Languedoc,  with  M.  Cadet-Devaux,  in  order  to  pro- 
pagate his  doctrine. 

He  caused  the  greatest  part  of  the  bran  which  was  mixed  with 
the  bread  of  the  soldiers  to  be  withdrawn ;  and  by  procuring  them 
a  more  healthy  and  agreeable  article  of  food,  he  put  an  end  to  a 
multitude  of  abuses  of  which  this  mixture  was  the  source. 

Skilful  men  have  calculated  that  the  progress  of  knowledge  in 
our  days  relative  to  grinding  and  baking  has  been  such,  that  ab- 
s-tractlng  from  the  other  vegetables  which  may  be  substituted  for 
corn,  the  quantity  of  corn  necessary  for  the  food  of  an  individual 
may  be  reduced  more  than  a  third.  As  It  Is  chiefly  to  Parmentier 
that  the  almost  general  adoption  of  these  new  processes  is  owing, 
this  calculation  establishes  his  services  better  than  a  thousand  pane- 
gyrics. 

Filled  with  a  kind  of  enthusiasm  for  arts  which  he  appreciated 
according  to  their  utility,  Parmentier  would  have  wished  to  have 
regulated  by  that  basis  alone  the  consideration  and  circumstances  of 
tliose  who  exercised  them.  He  laments  particularly  the  condition 
of  the  baker,  whose  labours  are  so  severe,  whose  industry  Is  sub- 
jected to  regulations  often  vexatious,  and  who  never  fails  to  become 
one  of  the  first  objects  of  the  fury  of  the  people  on  the  least  appear- 
ance of  scarcity.  His  good  heart  made  him  forget  that  this  is  precisely 
one  of  the  conditions  of  the  existence  of  a  great  society,  that  the 
trades  necessary  for  life  should  be  brought  to  such  a  degree  of  sim- 
plicity, that  no  long  time  nor  much  money  Is  necessary  to  learn 
them,  and  that  of  course  those  who  practise  them  cannot  demand 
great  salaries.  No  nation  could  exist  if  the  labourer  pretended  to 
require  the  same  treatment  as  the  physician,  or  the  baker  as  the 
astronomer.  Besides,  it  does  not  appear  that  the  proportion  of 
recompence  is  so  much  to  the  disadvantage  of  tlie  mechanics;  for 
we  see  many  more  of  them  make  fortunes  than  of  philosophers  or 
artists. 

Ardent  as  Parmentier  was  for  the  public  utility,  it  was  to  be 
expected  that  he  would  interest  himself  much  in  tlie  efforts  occa- 
sioned by  the  last  war  to  supply  exotic  luxuries.  It  was  he  that 
brought  the  syrup  of  grapes  to  the  greatest  perfection.  This  prepa- 
ration, which  may  be  ridiculed  by  those  who  wish  to  assimilate  it  to 
sugar,  has  notwithstanding  reduced  the  consumption  of  sugar  many 
thousand  quintals,  and  has  produced  Immense  savings  in  our  hos- 
pitals, of  which  the  poor  have  reaped  the  advantage,  has  given  a  new 
value  to  our  vine?  at  a  time  when  the  war  and  the  taxes  made  them 
be  pulled  up  In  many  places,  and  will  not  remain  less  useful  for 
many  purposes,  even  if  sugar  should  ever  again  fall  in  this  country 
to  its  old  price. 

These  labours,  purely  agricultural  or  economical,  did  not  Induce 
Parmenuer  to  neglect  those  more  immediately  connected  with  his 
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original  profession.  He  had  published  in  1774  a  translation,  with 
notes,  of  Model's  Physical  Recreations,  a  work  in  which  the  phar- 
maceutical preparations  occupy  a  greater  space  than  the  other  parts 
of  the  natural  sciences  :  and  in  177^  he  published  an  edition  of  the 
Hydraulic  Chemistry  of  Ijagaraze,  which  is  scarcely  any  thing  else 
than  a  collection  of  receipts  to  obtain  the  principles  of  medicinal 
substances  without  altering  them  too  much  by  fire.  Probably  he 
would  not  have  remained  a  stranger  to  the  great  progress  which 
chemistry  made  at  this  period,  had  not  the  disputes,  of  which  we 
have  given  an  account,  deprived  him  of  the  laboratory  of  the  Inva- 
lids. We  may  say  likewise  that  his  chemical  examination  of  milk 
and  of  the  blood,  along  with  our  associate  M.  Deyeux,  constitute 
models  of  the  application  of  chemistry  to  organized  bodies  and  their 
modifications. 

In  the  first  of  these  works  the  authors  compare  with  woman's 
milk  that  of  the  domestic  animals  which  we  chiefly  employ ;  and  in 
the  second  they  examine  the  alterations  produced  in  the  blood  by 
inflanimatory,  putrid,  and  scorbutic  diseases — alterations  often 
scarcely  sensible,  and  far  from  explaining  the  disorders  which  they 
occasion,  or  at  least  which  they  accompany. 

We  have  seen  above  how  Parmentier,  being  by  pretty  singular 
accidents  deprived  of  the  active  superintendance  of  the  Invalids, 
bad  been  stopped  in  the  natural  line  of  his  advancement.  He  had 
too  much  merit  to  allow  this  injustice  to  continue  long.  Govern- 
ment employed  him  in  different  circumstances  as  a  military  apothe- 
cary; and  when  in  1788  a  consulting  council  of  physicians  and 
surgeons  was  organized  for  the  army,  the  Minister  wished  to  place 
him  there  as  apothecary ;  but  Bayen  was  then  alive,  and  Parmentier 
was  the  first  to  represent  that  he  could  not  take  his  seat  above  his 
master.  He  was  therefore  named  assistant  to  Bayen.  This  insti- 
tution, like  many  others,  was  suppressed  during  the  period  of  revo- 
lutionary anarchy,  an  epoch  during  which  even  medical  subordina- 
tion was  rejected.  But  necessity  obliged  them  soon  to  re-establish 
it  under  the  names  of  Commission  and  Council  of  Health  for  the 
Annies ;  and  Parmentier,  whom  the  reign  of  terror  had  for  a  time 
driven  from  Paris,  was  speedily  placed  in  it. 

He  showed  in  this  situation  the  same  zeal  as  in  all  others;  and 
the  hospitals  of  the  army  were  prodigiously  indebted  to  his  care. 
He  neglected  nothing — instructions,  repeated  orders  to  his  inferiors, 
pressing  solicitations  to  men  in  authority.  We  have  seen  him  within 
these  few  years  deploring  the  absolute  neglect  in  which  a  Govern- 
ment, occupied  in  conquering,  and  not  in  preserving,  left  the 
asylums  of  the  victims  of  war. 

We  ought  to  bear  the  most  striking  testimony  of  the  cares  which 
fie  took  of  the  young  persons  employed  under  his  orders,  the  friendly 
manner  in  which  he  received  them,  encouraged  them,  and  rewarded 
them.  His  protection  extended  to  them  at  what  distance  soever 
they  were  carried  3  and  wc  know  more  than  one  who  was  indebted 


1815.]  M.  Parnientier.  171 

for  his  life  in  far  distant  climates  to  the  provident  recommendations 
of  this  paternal  chief. 

But  his  activity  was  not  restricted  to  the  duties  of  his  place ; 
every  thing  which  could  be  useful  occupied  his  attention. 

When  the  steam-engines  were  established,  he  satisfied  the  public 
of  the  salubrity  of  the  waters  of  the  Seine.  More  lately  he  occu- 
pied himself  with  ardour  in  the  establishment  of  economical  soups. 
He  contributed  materially  to  the  propagation  of  vaccination.  It 
was  he  chiefly  who  introduced  into  the  central  pharmacy  of  the 
hospitals  at  Paris  the  excellent  order  which  reigns  there ;  and  he 
drew  up  the  pharmaceutic  code  according  to  which  they  are  di- 
rected. He  watched  over  the  great  baking  establishment  at  Scipion, 
where  all  the  bread  of  the  hospitals  is  made.  The  Hospice  des 
Menages  was  under  his  particular  care ;  and  he  bestowed  the  most 
minute  attention  on  all  that  could  alleviate  the  lot  of  800  old  per- 
sons of  both  sexes,  of  which  it  is  composed. 

At  a  period  when  people  might  labour  much,  and  perform  great 
services,  without  receiving  any  recompense,  wherever  men  united 
to  do  good,  he  appeared  foretrost;  and  you  might  depend  upon 
being  able  to  dispose  of  his  time,  of  his  pen,  and,  if  occasion 
served,  of  his  fortune. 

This  continual  habit  of  occupying  liiraself  for  the  good  of  man- 
kind, had  even  affected  his  external  air.  Benevolence  seemed  to 
appear  in  him  personified.  His  person  was  tall ;  and  remained 
erect  to  the  end  of  his  life;  his  figure  was  full  of  amenity;  his 
visage  was  at  once  noble  and  gentle  ;  his  hair  was  white  as  the 
snow — all  these  seemed  to  render  this  respectable  old  man  the 
image  of  goodness  and  of  virtue.  His  physiology  was  pleasing, 
particularly  from  that  appearance  of  happiness  produced  by  the 
good  which  he  did,  and  which  was  so  much  the  more  entitled  to  be 
happy  that  a  man  who  without  high  birth,  without  fortune,  without 
great  places,  without  any  remarkable  genius,  but  by  the  sole  per- 
severance of  the  love  of  goodness,  has  perhaps  contributed  as  much 
to  the  happiness  of  his  race  as  any  of  those  upon  whom  Nature  and 
Fortune  have  accumulated  all  the  means  of  serving  them. 

Parmentier  was  never  married.  Madame  Houzeau,  his  sister, 
lived  always  with  him,  and  seconded  him  in  his  benevolent  labours 
with  the  tenderest  friendship.  She  died  at  ihe  time  when  her 
affectionate  care  would  have  been  most  necessary  to  her  brother, 
who  had  for  some  years  been  threatened  with  a  chronical  afilectioa 
in  his  breast.  Regret  for  this  loss  aggravated  the  disease  of  this 
excellent  man,  and  rendered  his  last  days  very  painful,  but  without 
altering  his  character,  or  interrupting  his  labours.  He  died  on  the 
17th  December,  1813,  in  the  77th  year  of  his  age. 
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Article  II. 

On  the  Origin  of  the  Carlureted  Hydrogen  Gas  of  Coal-Mines. 
By  Mr.  John  3.  Longmire. 

(To  Dr.  Thomson  ) 

SIR, 

The  carbureted  hydrogen  gas  of  coal-mines  having  lately  at- 
tracted the  attention  of  philosophers,  as  well  on  account  of  the 
ravages  it  commits,  when  ignited,  on  the  mines  and  miners,  as  on 
its  mode  of  formation,  I  have  drawn  out  the  following  essay  from 
a  manuscript  copy  of  observations  made  on  this  gas  in  different  parts 
of  England,  Wales,  and  Scotland ;  and  if  you  think  it  so  interesting 
as  to  ensure  its  insertion  in  your  Annals  of  Philosophy,  it  is  very 
much  at  your  service. 

I  am,  Sir,  your  very  humble  servant, 

Junt  SO,  1815.  John  B.  Longmire.  / 

Many  opinions  have  been  entertained  respecting  the  origin  of  the 
inflammable  air  of  coal-mines.  Some  writers  attribute  its  existence 
in  these  mines  to  the  agency  of  iron  pyrites  :  the  pyrites,  they  say, 
decomposes  the  water,  unites  with  its  oxygen,  and  becomes  sulphate 
of  iron  or  green  vitriol,  while  its  hydrogen  is  set  at  liberty  in  a 
gaseous  state.  Other  persons  assert  that  the  coal  is  undergoing  a 
slow  decomposition,  and  that  the  inflammable  air  and  carbonic  acid 
gas  are  given  out  by  it  in  consequence.  And  other  persons  maintain 
the  opinion  tl)at  it  exhales  from  the  putrefying  animal  and  vegetable 
matter  in  the  stagnant  water  of  coal-mines.  But  before  we  con- 
clude as  to  its  origin,  let  us  carefully  examine  its  mode  of  entry  into 
the  mine. 

The  carbureted  hydrogen  gas  proceeds  from  the  body  of  the  coal, 
and  generally  enters  the  mine  from  the  pores,  sometimes  from  the 
seams  of  distinct  concretions,  and  occasionally  from  small  rents  of 
the  coal.  A  miner  extends  a  common  working  at  the  rate  of  two 
or  three  yards  every  week  ;  and  if  he  is,  cutting  through  the  gas- 
yielding  parts  of  the  coal,  they  generally  discharge  all  their  gas,  or 
as  the  miner  calls  it,  "  bleed  off,"  as  fast  as  he  advances ;  so  that 
the  greatest  quantity  of  the  gas  always  enters  a  working  near  its 
forehead.  But,  although  the  gas  is  exhausted  in  the  most  of  these 
workings  as  fast  as  they  are  driven,  there  are  many  places  where  the 
coal  continues  to  yield  gas  for  several  weeks,  or  months,  after  work- 
ings are  driven  past  them.  This  gas,  besides  entering  the  mine 
from  the  coal,  sometimes  proceeds  from  small  rents  in  the  incum- 
bent strata.  In  many  of  the  coal  formations  these  rents  are  small, 
not  numerous,  and  generally  only  simply  filled  with  gas;  but  in 
some  they  are  large,  numerous,  and  filled  with  gas,  which  appears 
to  have  been  forced  into  them  by  a  compressing  power ;  for  on 
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meeting  with  them,  it  issues  into  the  mine  with  a  considerable 
velocity.  These  gas-yielding  renis  are  frequently  met  with  in  the 
coal-mines  round  Newcastle-on-the-Tyne ;  and  the  gas  is  often 
discharged  into  these  mines  in  such  streams,  as  to  be  compared,  in 
force  and  quantity,  with  the  air  from  powerful  blast  furnaces ;  but 
the  quantity  of  gas  discharged,  however  great  at  first,  continually 
decreases  till  the  rents  cease  to  yield  it. 

The  gas-yielding  parts  of  the  coal  differ  considerably  in  dimen- 
sions; they  are  situated  at  variable  distances  from  one  another;  and 
the  quantity  of  gas  varies  very  much  in  difterent  parts,  as  well  as  in 
different  situations  in  any  one  part.  Sometimes  the  gas-yielding 
parts  have  the  characteristic  appearance  of  the  common  coal,  but 
occasionally  they  are  softer,  in  small  pieces,  or  dusty ;  in  some 
parts  iron  pyrites  is  abundant ;  in  others  it  is  not  found ;  water 
sometimes  enters  the  mine  along  with  the  gas,  but  often  the  gas 
comes  off  alone  ;  but  the  coal  has  its  characteristic  appearance,  or 
is  soft,  in  small  pieces,  or  dusty,  in  many  parts  which  give  out 
water,  but  not  gas  ;  so  that  the  parts  which  produce  this  gas,  appa- 
rently, are  not  essentially  different  to  those  which  do  not  pro- 
duce it. 

Wlien  the  carbureted  hydrogen  gas  leaves  the  coal  alone,  it  • 
comes  off  silently  ;  liut  when  accompanied  with  water,  it  always 
makes  a  noise.  When  it  enters  the  mine,  along  with  water,  from 
many  pores,  in  small  quantities,  and  at  intervals,  various  sounds 
are  produced,  wlilch  have  some  resemblance  to  those  expertly  made 
on  the  musical  glasses,  but  which  are  not  so  loud,  though  more 
agreeable.  If  the  gas  escape  much  quicker,  the  sounds  are  consi- 
derably lower,  but  not  so  various  as  in  the  first  instance:  this  is  a 
simmering  noise,  and  would  be  well  imitated  by  the  noise  from  the 
pipes  of  a  few  tea-kettles  when  boiling  gently.  But  if  the  gas 
escape  more  copiously  than  in  the  last  instance,  it  makes  a  hissing 
noise,  not  unlike,  but  not  so  loud,  as  that  made  by  the  steam 
escaping  quickly  from  the  safety  valve  of  a  steam-engine. 

Jf  the  gas  is  set  on  fire  as  it  enters  a  working,  when  the  atmos- 
pheric current  is  traversing  the  mine,  its  inflammation  is  carried  on, 
close  to  the  sides  of  the  coal  wall,  under  different  circumstances. 
Where  the  gas  enters  the  mine  sparingly,  but  from  many  pores  and 
seams,  to  set  it  on  fire,  the  candle  must  be  moved  in  every  direction 
nlong  the  sides  or  forehead  of  a  working  ;  then  it  will  inflame  the 
gas  issuing  from  one  pore,  after  it  has  done  so  with  that  from 
another  as  it  moves  forwards ;  and  each  Inflammation  will  resemble 
in  sound  and  appearai^ce  that  which  is  produced  by  the  firing  of  two 
or  three  grains  of  gunpowder.  When  it  enters  more  abundantly 
after  the  gas  from  one  pore  is  fired,  the  burning  gas  fires  the  gas 
from  many  other  pores,  during  which  the  flame  flies  from  the  first 
pore  in  a  very  varying  direction,  and  in  a  very  fantastic  and  enter- 
taining manner;  for  sometimes  it  runs  horizontally  for  a  small  dis- 
tance, then  bends  obliquely  in  different  directions,  then  perhaps 
borizoutally,  and  then  obliquely  again,  till  it  ceases.     During  these 
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motions  tlie  flame  of  the  gas  issuing  into  the  mine  from  the  first 
pore  touched  the  gas  from  an  adjoining  pore,  and  set  it  on  fire, 
which  did  so  with  the  gas  from  a  third  pore,  and  thus  the  motion 
of  the  flame  continued  ;  but  as  the  gas  issues  from  every  pore  at 
intervals,  the  portion  set  on  fire  at  the  first  pore  was  consumed 
before  another  issued  from  it,  but  not  before  it  inflamed  the  portion 
of  gas  then  escaping  from  the  second  pore,  which,  though  con- 
sumed before  another  portion  left  that  pore,  communicated  with 
the  gas  of  a  third  pore,  and  so  on.  In  this  manner  the  flame's 
flitting  motion  was  produced.  When  the  gas  escapes  from  the 
pores  of  the  coal  in  constant  streams,  or  at  least  in  a  succession  of 
portions  at  very  small  intervals,  the  flame  is  stationary  at  every 
pore. 

With  the  help  of  these  remarlis,  we  may  make  the  following 
conclusions  as  to  the  origin  of  the  carbureted  hydrogen  gas  of  coal- 
mines. It  is  a  part  of  the  matter  of  the  coaly  strata;  but  how  it  is 
separated  we  cannot  exactly  determine.  It  may  be  set  at  liberty  by 
the  action  of  the  component  parts  of  the  coal  on  one  another  ;  but 
not  in  the  way  of  decomposition  by  fermentation.  Or  it  may  con- 
sist of  an  original  redundancy  of  volatile  matter  which  has  been 
kept  in  by  pressure,  but  which,  as  soon  as  hollows  are  made  into 
the  coal,  is  suftered  to  escape.  The  gas,  by  either  mode  of  forma- 
tion, may  very  well  exist  in  the  rents  above  the  coal :  for  as  these 
rents  were  forming,  room  was  made  for  the  gas  to  lodge  in  ;  and, 
to  account  for  its  degree  of  compression,  we  know  that  it  afterwards 
escapes  from  the  coal  with  a  great  force,  and,  if  suffered  to  fill 
hollows  like  these  rents,  would  leave  them  with  a  similar  velocity. 


Article  III. 


On  the  Connexion  letween  the  Vascular  and  Extra  Vascular  Parts 
of  Animals.     By  Anthony  Carlisle,  Esq.  F.R.S. 

(To  Dr.  Thomson.) 

SIR,  Soho  square,  July  3,  1815. 

The  following  memoir  having  been  partially  made  known  to  the 
public,  I  beg  you  to  lay  it  before  your  scientific  readers,  as  a  means 
of  preventing  misrepresentation  or  piracy. 

Sir,  your  obedient  servant, 

Anthony  Carlisle. 

General  or  comparative  anatomy,  the  great  branch  of  natural 
knowledge  on  which  the  rationale  of  the  medical  art  is  founded,  has 
lately  risen  in  esteem,  and  is  every  day  more  accurately  and  more 
extensively  cultivated.  Considering  how  intimately  the  discovery  of 
new  facts,  their  relation  to  each  other,  and  the  physiological  in- 
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ferences  to  be  drawn  from  them,  are  connected  with  the  previous 
establishment  of  definite  views,  of  clear  intelligible  terms,  and  of 
strict  physical  methods;  and  feeling  the  impcrtanee  of  the  present 
subject,  I  hasten  to  submit  this  memoir  to  competent  judges. 

I  am  aware  that  premature  generaliziitiot)s  of  facts,  as  well  as 
premature  inductions  from  them,  are  seldom  useful  ;  and  I  should 
not  have  troubled  the  scientific  inquirer  with  this  communication, 
had  I  not  felt  assured  that  the  present  state  both  of  anatomy  and 
physiology  would  authorise  it.  In  my  statements  I  shall  purposely 
avoid  all  metaphysical  pretension  to  dive  into  the  hidden  mystery  of 
vitality,  confessing  myself  wholly  incompetent  to  reduce  that  power 
within  the  rules  of  physical  science  :  a  power  which  appears  to  my 
judgment  as  allied  to  the  nature  of  an  inscrutable  First  Cause,  or 
as  an  emanation  from  it. 

The  vast  variety  in  the  substances,  texture,  bulk,  and  combina- 
tions, which  the  living  animal  and  vegetable  kingdoms  exhibit, 
renders  it  difficult  to  define  the  essential  residence  of  life  as  con- 
rected  with  any  of  the  modes  of  organic  structure.  Some  of  the 
compounds  and  textures  of  animals  are  known  to  be  more  important 
for  the  maintenance  of  life  than  others,  as  the  cerebral  substance 
and  the  muscular  textures ;  but  there  is  a  numerous  tribe  of  living 
bodies  that  appear  to  be  wholly  destitute  of  those  peculiar  parts,  of 
which  the  entire  vegetable  kingdom  may  be  adduced  as  an  instance. 
Habits  of  meditation  and  research  have  led  me  to  conclude  that  ^ 
some  benefit  may  arise  to  physiology  from  more  accurate  discrimi- 
nations between  the  several  substances  of  living  bodies;  especially 
as  to  the  relative  dominion  of  vitality,  or  of  physical  causes  on  those 
substances  respectively. 

The  active  phenomena  of  life  appear  to  be  generally  distinct 
from  tiiose  of  physical  causation  ;  but  the  passive  condition  of  living 
substances  is  not  saobvious.  The  suspended  actions  of  torpid  ani- 
mals and  vegetables,  and  the  latent  vitality  of  many  of  the  more 
simply  constructed  animals  and  vegetables  during  the  absence  of 
heat  and  moisture,  show  the  intimate  connections  which  subsist 
between  vitality  and  physical  causes.  Difficult  and  intricate  as  the 
investigation  may  seem  when  extended  to  all  the  cases  of  vital  phe- 
nomena, they  are  not  so  in  the  grosser  examples  to  be  now  adduced; 
and  if  it  should  be  found  that  many  substances  distinctly  continuous 
with  vital  organic  bodies  are  wholly  subjected  to  physical  dominion, 
and  that  several  other  substances  are  in  part  influenced  by  the  one 
cause  and  by  the  other,  it  may  perhaps  open  new  and  more  precise 
views  in  the  medical  art.  Those  pans  of  living  organic  bodies  which 
liave  no  power  of  self  repair,  which  hold  no  continuity  with  the 
fluid  circulating  material  destined  to  replenish  tlie  waste,  to  augment 
the  bulk,  or  repair  the  accidents  of  the  living  fabric,  may  be  justly 
deemed  extra  vital.  The  exuvial  coverings  and  defences  of  animals 
are  of  this  kind,  viz.  hairs,  nails,  feathers,  and  all  other  cuticular 
structures,  as  well  as  the  epidermoid  coverings  or  husks  of  the 
vegetable  kingdom.  Some  of  those  substances  which  are  destined 
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to  be  worn  away  retain  a  partial  continuity  with  the  organic  system 
of  circulating  fluids,  as  the  organic  bulbs  of  hair,  the  roots  and 
lamellae  of  nails  and  hoofs  ;  whilst  the  other  parts,  which  are  des- 
tined to  be  she*!,  as  feathers  and  cuticular  scales,  are  wholly  de- 
tached from  the  vascular  communion  after  their  complete  forma- 
tion, and  only  adhere  mechanically  to  the  living  parts  for  a  time. 

The  most  apposite  illustrations,  and  the  most  positive  instances, 
of  union  between  vital  and  extra  vital  parts  are  to  be  found  in  the 
testaceous  tribe  of  animals.  After  a  long  continued  and  careful  in- 
vestigation, I  am  fully  convinced  that  the  shells  of  all  the  vermes  of 
Linnaeus  are  extra  vascular  from  their  commencement,  and  remain 
so  during  their  whole  connexion  with  the  living  creature.  The  first 
production  and  the  growth  of  those  shells  always  depends  upon  a 
deposit  of  the  material  thrown  out  from  the  surface  of  the  body 
of  the  living  animal.  The  figure  and  colours  of  the  several  parts 
of  those  shells  in  every  species  depend  upon  the  shape  and  the 
colouring  glands  of  the  modelling  organs  :  fractures  are  repaired  by 
spreading  a  cretaceous  fluid  over  the  inner  edges,  and  never  by  any 
exudation  from  the  fractured  parts,  since  they  always  retain  the 
angular  broken  surfaces  after  such  repairs.  Extraneous  bodies  are 
«*qually  coated  with  shell,  whether  they  are  in  contact  with  the 
parent  shell  or  not.  The  first  may  be  seen  in  the  frequent  envelope- 
ment  of  Neides  in  the  common  oyster  ;  and  the  latter  has  been  often 
ascertained  by  experiments  made  for  the  purpose  of  creating  artifi- 
cial pearls,  and  which  might,  if  skilfully  practised,  yet  prove  very 
successful.  The  borings  of  parasitical  vermes  into  shells  are  never 
filled  up,  or  tlie  bored  surtaces  altered,  unless  such  borings  pene- 
trate into  the  cavity  where  the  living  animal  dwells,  and  then  the 
apertures  are  invariably  plugged  up,  or  smeared  over  with  pearly 
matter.  The  water-worn  outer  surfaces  of  old  siiells,  and  other  ex- 
ternal abrasions,  are  never  repaired,  which  is  to  be  seen  in  old 
living  oysters  exposed  to  the  moving  friction  of  currents  or  strong 
tides  ;  in  the  worn-oft'  spines  oi"  the  pholas  dactyUs  ;  and  in  the 
convex  points  of  the  two  valves  of  old  Tnytili,  especially  the  my/ilis 
unatinus.  I  have  sought  in  the  most  extensive  collections  of  the 
metropolis  for  examples  of  fractures,  and  other  injuries,  which  have 
occurred  to  the  shells  of  living  veruics,  and  1  have  collected  many 
remarkable  specimens.  They  all  demonstrate  the  same  results, 
without  any  exception.  1  have  made  numerous  experiments  upon 
the  garden  snail  {helix  nemoraiis),  by  fracturing  and  breaking  away 
the  shell  in  various  parts ;  and  have  always  found  the  repairs  to  be 
effected  from  within  by  first  smearing  over  an  epidermoid  varnish, 
and  then  by  plastering  the  inner  surface  of  that  film  with  successive 
calcareous  laminte.  1  have  in  vain  attempted  to  inject  the  shells  of 
recent  vermes  from  the  vascular  parts  of  their  bodies,  and  am  fully 
satisfied  that  none  of  their  albuminous  or  gelatinous  testaceous  mem- 
branes were  ever  at  any  time  permeable  to  vessels  ;  indeed  they  do 
not  possess  any  of  the  reticular  texture  or  arborescent  pores  which 
are  common  to  all  vascular  parts ;  but,  microscopically  e.s,amined. 
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they  resemble  the  exuvial  or  epidermoid  membranes.  To  these 
facts  may  be  added  the  notorious  circumstance  of  the  unchangeable- 
ness  of  the  outer  surfaces  of  testaceous  shells  during  their  growth, 
and  the  continual  renewal  of  their  otlier  surfaces,  which  admit  of 
contact  with  the  living  inhabitant ;  next  the  stains  and  coloured 
transudations  which  they  often  derive  from  metaUic  salts  and  other 
colouring  materials  placed  in  their  vicinity :  and,  lastly,  that  such 
occurrences  do  not  affect  the  living  animal.  Tlie  mechanical  con- 
nexion or  contact  that  subsists  between  the  living  animals  which 
occupy  the  testaceous  shells,  and  their  extraneous  dwellings  are  in 
many  instances  very  slender.  The  common  oyster  possesses  its  first 
pair  of  valves,  consisting  of  single  laminje,  before  it  quits  the 
parental  organs.  A  muscle  passes  between  the  centres  of  the  cavity 
of  each  shell  adhering  to  each,  and  it  acts  upon  the  valves  nearly  at 
right  angles.  The  animal  has  no  other  continuity  with  the  shells. 
At  the  hinge  an  elastic  substance  is  wedged  in,  the  spring  of  which 
is  e!scited  by  compression,  but  it  does  not  possess  the  property  of 
extension  beyond  its  passive  state ;  when  dried,  this  substance  cracks 
into  cubes.  As  the  animal  grows,  it  augments  the  margin  of  its 
shells,  and  thickens  them  by  adding  new  laminfe  on  their  insides. 
The  muscular  adhesion  glides  forward,  still  keeping  to  the  centre  of 
the  valves.  The  elastic  substance  at  the  hinge  is  augmented  along 
its  inner  surface  only,  and  must  have  been  always  deposited  during 
the  expanded  state  of  the  valves,  since  the  limit  of  its  elastic  con- 
dition is  exactly  adapted  to  that  state.  As  the  laminte  of  the  shells 
increase,  there  is  a  gap  at  tlie  outside  of  the  hinge  filled  with  soft, 
crumbling,  and  decomposing  worn-out  elastic  ligament.  This  gap 
presents  two  inclined  planes  which  meet  in  an  acute  angle,  and  that 
space  is  kept  free  from  pel)bles  and  hard  extraneous  bodies  by  the 
presence  of  the  decomposing  ligament,  as  such  an  accident  would 
prove  fatal  by  preventing  the  opening  of  the  valves.  The  growth 
of  all  the  testaceous  shells  affords  remarkable  proofs  of  their  extra 
vascular  formation.  The  muscular  adhesions  are  generally  the  only 
parts  of  continuity  between  the  animal  and  its  shells,  and  these  are 
constantly  changing  with  the  augmentations  of  bulk.  In  all  the 
conoid  univalves  which  revolve  upon  spiral  axes  the  successive  parts 
of  the  shell  are  merely  spread  upon  the  older  parts  without  any  in- 
termixture of  their  substances,  and  epidermis  or  extraneous  bodies 
are  alike  involved  in  the  successive  folds.  In  other  classes  of  animals 
similar  phenomena  occur.  The  calcareous  shells  of  birds'  eggs  are 
merely  deposited  upon  the  membrana  putamlnis,  and  the  inner  por- 
tions are  regular  crystallized  prisms,  the  long  diameters  of  which 
point  to  the  centre  of  the  tg^.  These  shells  are  wholly  extra  vas- 
cular, and  their  albuminous  membranes  are  alike  cuticular,  whilst 
the  inner  true  membrana  putaminis  is  made  reticular,  and  capable 
of  vascular  organization.  The  order  of  deposit  in  these  examples 
is  like  that  of  enamel  in  teeth,  which  appears  to  be  precipitated 
upon  the  bone  of  the  teeth  under  the  guidance  of  a  membranous 
case  or  mould.  From  a  disordered  fowl  I  have  seen  eggs  produced, 
Vot.  VI.  M'  III.  M  65  f  ^ 
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the  calcareous  crusts  of  which  were  inflated  with  bubbles,  so  as  to 
form  a  cancellated  shell,  in  texture  like  pumice-stone.  The  most 
durable  substances  of  animal  bodies,  such  as  the  bones  and  teeth, 
are  only  partly  vascular,  since  their  calcareous  materials  are  fixed 
by  chemical  precipitants,  and  remain  under  chemical  laws.  In- 
juries done  to  the  horns  of  cattle,  to  the  hoofs  of  animals,  and  to 
human  nails,  are  never  restored ;  these  parts  do  not  possess  the 
power  of  self  repair;  and  it  is  only  by  tlie  mechanical  wearing  away 
that  such  injuries  are  obliterated.  Indeed  the  beneficent  construc- 
tion of  animal  nature  is  sufficiently  manifested  in  the  insensibility 
of  all  the  exuvial  coverings,  and  in  the  organic  composition  of 
many  parts  which  are  exposed  to  mechanical  attrition,  as  the  enamel 
of  teeth,  the  horny  beaks  of  birds,  and  the  euticular  or  horny 
coverings  of  feet.  The  same  beneficence  appears  to  be  extended  to 
many  parts  of  the  internal  organic  substances,  by  which  painful 
sensations  are  obviated,  whilst  the  substances  themselves  being  less 
directly  under  the  dominion  of  the  vital  superintendency  become 
more  permanent ;  such  parts  are  the  tendons,  ligaments,  cartilages, 
cellular  tissue,  the  gelatine  and  lime  of  bones  ;  even  water  is  an 
essential  constituent  of  the  animal  fluids,  and  affords  the  necessary 
softness  and  flexibility  to  solids.  But  this  subject,  and  its  connexion 
with  the  vegetable  composition  and  texture,  extends  far  beyond  the 
limits  of  a  roemoir ;  and  I  must  therefore  suspend  my  observations.. 

CTo  Se  continued,') 
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Further  Ohscroations  on  Fhxions.  By  Alexander  Christison,  Esq- 
F.R.  S.E.  Professor  of  Humanity  in  the  University  of  Edin- 
burgh, 

(To  Dr.  Thomson.) 

MY  DEAR.  SIR,  Edinburgh,  July  19,  1813. 

An  experienced  matnematician  will  find  no  difficulty  in  the 
reasoning.  Annals  of  Philosophy,  vol.  v.  pp.  330  and  331;  a 
learner,  however,  will  understand  that  reasoning  better  if  he  sup- 
pose the  accent,  which  is  put  after  the  y  at  the  top,  to  be  put  not 
at  the  top,  but  lialf  way  down  the  side  of  the  y  in  p.  330,  line  40 ; 
and  likewise  wherever  that  letter  so  occurs  afterwards  with  one  or 
two  accents,  unless  there  be  two  letters  in  the  numerator;  and  if 
he  read  i  for  i  after  the  mark  of  equality  in  the  last  line  but  one 
of  p.  330,  and  in  the  second  line  of  p.  33 J. 

You  may  insert  the  following  observations. 

It  is  evident  from  fig.  2,  p.  32S,  that  the  ratio  of  the  increments 
is  never  the  ratio  of  the  fluxions ;  for  at  F  H,  5  minus  one  ceutil- 
liouth  to- 1  is  to©  small,  and  5  plus  one  centillionth  to  1  is  too 
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great.  Newton's  expression,  therefore,  "  The.  ultimate  ratio  of 
the  increments  is  the  ratio  of  the  fluxions,"  is  incorrect,  and  seems 
to  have  misled  the  Bishop  of  Cloyne.  If  a  man  is  not  a  soldier,  he 
may  be  the  last  of  the  men  in  a  train,  but,  in  that  train,  he  cannot 
be  the  last  of  the  soldiers.  Newton,  therefore,  must  be  understood 
rationally,  not  literally;  the  literal  interpretation,  indeed,  is  im- 
possible. In  Milton  too,  the  literal  interpretation  of  "  The  fairest 
of  her  daughters,  Eve,"  is  also  impossible.  Such  incorrectness  of 
expression  is  frequently  found  in  Robins.  I  do  not  remember  that 
Maciaurin  has  corrected  it  till  article  505,  in  the  second  volume  of 
Fluxions.  Maseres  has  rectified  it  more  directly  in  p.  21  of  the 
preface  to  the  fiftli  volume  of  the  Logarithmic  Writers.  Euler  has 
fallen  into  the  same  mistake  in  his  t)efinition  of  the  Differential 
Calculus,  in  p.  8  of  the  preface. 

I  am  inclined  to  think  that,  in  p.  468,  Harvey's  idea  of  deve- 
loping generated  quantities  is  better  than  mine  of  generating  them. 
It  was  to  avoid  the  idea  of  motion  that,  in  the  demonstration,  which 
1  think  is^  new,  1  employed  bisection  like  the  ancients.  I  might 
have  avoided  the  idea  of  motion  in  the  solution  too ;  for  I  might 
have  solved  as  Lacroix  does  in  the  beginning  of  his  Calcul  in  8vo. 
r\s  the  lluxional  calculus  was  derived  from  the  celebrated  problem 
of  the  tangents,  I  think  that  the  easiest  and  shortest  demonstration 
is  to  be  obtained  from  the  same  source.  I  consider  such  a  demon- 
stration as  an  extension  of  Descartes'  application  of  algebra  to 
geometry.  I  think  that  no  rigorous  demonstration  of  thefluxional 
problem  purely  algebraical  can  be  so  short  as  that  in  pp.  330  and 
."SSI  ;  it  occupies  no  more  than  twelve  entire  lines,  as  it  properly 
begins  at  line  33,  p.  330,  and  ends  at  line  8,  p.  331  ;  for,  in  order 
to  prove  that  the  limits  of  a  variable  quantity  are  equal,  I  might 
have  referred  to  Robins,  vol.  ii.  p.  56',  art'.  120-,  or  to  Lacroix 
Calcul,  vol.  i.  p.  18.  D'Alembert  observes,  that  all  the  differential 
calculus  may  be  referred  to  the  problem  of  the  tangents. 

Without  the  aid  of  a  diagram,  the  application  to  tangents, 
quadratures,  cubatures,  rectifications,  and  complanations,  is  much 
more  difficult  and  tedious  to  a  learner.  This  is  evident  from  La- 
grange. 

Motion  conceived  may  be  rigorously  mathematical  ;  not  so, 
motion  executed.  Now  in  fluxions  it  is  motion  conceived  only  that 
comes  under  consideration. 

With  regard  to  Newton's  second  lemma,  as  a  square  is  simpler 
than  an  oblong,  if  we  subtract  the  square  of  A  —  a  from  that  of 
A  +  o,  there  will  remairi  4  A  c,  of  which  the  half  is  2  A  a  ;  and 
then  as  the  momentum  is  evidently  greater  than  the  decrement,  and 
smaller  than  the  increment,  when  the  rate  of  change  thus  varie?, 
we  may  prove  by  reduction  to  absurdity  that  the  momentum  of 
A  A  can  he  neither  more  nor  less  than  2  A  a;  for  it  may  be  de- 
monstrated  to  differ  less  from  2Aa  +  aa,  the  increment,  than  by 

JUiy  assigned  quantity  how  small  soever :   and,  in  ~^,  if  the 


M   2 
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momentum  a  be  multiplied  by  i,  an  indeterminate  quantity,  and  if 

X  be  substituted  for  A,  we  shall  have  -. —  =  ~'-- .    .     We  next, 

at  X  ' 

by  Maclaurin's  process.  Fluxions,  art.  708,  get  the  fluxion  of  an 
oblong,  thence  that  of  a  cube,  &c.  Thus  Newton's  demonstration 
seems  superior  in  brevity,  and  equal  in  rigour,  to  that  of  any  of  his 
contemporaries  and  successors  at  home  or  abroad ;  for  it  has  evi- 
dently no  dependance  whatever  on  motion,  or  on  infinitesimals,  or 
on  vanishing  quantities,  or  even  on  limits.  It  is  wholly  algebraical, 
but  may,  by  a  diagram,  be  rendered  geometrical.  I  think  the  de- 
monstration in  Newton's  second  kmma  one  of  the  finest  produc- 
tions of  his  unequalled  genius.  The  conception  of  motion,  from 
which  Maclaurin  demonstrated  so  very  tediously,  belongs  not  to 
Newton's  demonstration,  but  to  his  idea  of  the  continuous  genera- 
tion of  quantity.  It  seems  to  be  through  Maclaurin  that  some  very 
eminent  foreign  mathematicians  see  and  blame  Newton. 

Robins,  from  what  Newton  says  himself,  observes  that  Newton 
in  his  Mathematics  uses  the  word  momentum  in  two  senses  :  firsts 
for  an  infinitely  small  quantity,  when  he  solves;  and  secondly, 
when  he  demonstrates,,  for  an  indeterminate  quantity  which  is  to  be 

conceived  to  vanish :  in  the  first  sense,  —  =   ~  for    example ; 

here  the  quantities  really  employed  are  -4-,    not  —  :    but  it  is 

evident  that  in  the  second  lemma  he  uses  the  word  momentum  in  a 
third  sense  :  for  it  is  there  neither  a  quantity  which  is  to  be  con- 
ceived to  vanish,  nor  is  it  y  or  x  till  it  be  multiplied  by  an  indeter- 
minate quantity  i. 

From  Newton's  second  lemma  we  obtain  the  easiest  demonstra- 
tion of  the  binomial  theorem  for  any  exponent ;  because  from  the 
first  fluxion  we  obtain  the  second,  &c.  Now  these  are  the  succes- 
sive fluxional  coefficients.  We  have  therefore  only  to  multiply 
them  by  the  successive  powers  of  /,  and  to  divide  the  terms  by  1, 
1  X  2,  1  X  2  X  3,  respectively.  This  would  not  be  a  legitimate 
demonstration,  if  the  binomial  theorem  had  been  previously  em- 
ployed to  find  the  fluxions.  No  one,  I  think,  will  say  this  is  de- 
monstrating the  binomial  theorem  by  employing  the  higher  mathe- 
matics ;  for  in  my  former  paper  I  showed  that  much  of  fluxions 
belonged  properly  to  the  very  elements  of  geometry  and  algebra. 

From  fig.  3,  p.  330,  it  is  easy  to  demonstrate  that  any  term 

1  « ?j  —  1  x"  ~  *  . 
~~ — i — Ti '■■>  ^'^'^  example,  may  be  not  greater  only,  but  greater 

in  any  proportion  than  the  sum  of  all  the  succeeding  terms ;  for  if 
72  x""'  be  transferred,  with  the  negative  sign,  to  the  other  side, 
and  if  the  equation  be  then  divided  by  i,  the  thing  is  evident. 
Lagrange's  demonstrations  are  not  so  easy  :  it  is  extremely  tedious 
and  teasing  for  a  learner  to  proceed  by  his  method  to  tangents, 
quadratures,  &c. ;  a  proof  that  his  method  of  investigation  and  de- 
ji)onstratioo,  how  refined  and  convincing  soever,  is  not  short  and 
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easy,  but  circuitous  and  difficult.  TIius  the  learner  may  tLink  witii 
regard  to  Lagrange's  process ;  but  the  learned  will  admire  its  gene- 
rality, vigour,  consistency,  and  important  applications.  Why  is 
not  the  Calculus  of  Variations,  the  noble  discovery  of  Lagrange, 
admitted  into  our  initiatory  books  ?  Much  of  it  is  quite  elementary, 
and  its  nature  is  easily  apprehended. 

It  appears  to  me  also  that  much  of  the  Mechanique  Analytique 
is  elementary,  and  may  be  taught  early.  Can  any  thing  be  easier 
and  simpler  than  the  two  formulas,  the  one  for  statics,  the  other  for 
dynamics  ?  How  delightful  will  the  study  of  that  comprehensive 
treatise,  and  of  Laplace's  masterly  work  the  Mechanique  Celeste, 
be,  if  the  learner  previously  i^nderstand,  as  he  easily  may,  the 
parallelopiped  of  forces,  the  three  perpendicular  axes  of  rotation, 
the  three  perpendicular  co-ordinates,  the  three  co-oi"dinated  planes, 
the  principle  of  virtual  velocities,  and  be  accustomed  to  introduce 
by  substitution  the  sines  and  co-sines,  &c.  ?  Nothing  will  alltire  a 
learner  more  than  to  study  the  way  in  which  Eulcr,  vol.  ii.  of  In- 
troduction to  the  Analysis  of  Infinites,  employs  the  sines  and  co- 
sines in  changing  the  position  of  the  co-ordinates.  May  not  the 
student  also  learn  early,  in  that  fine  performance,  the  generation  of 
curves  from  their  equations,  and  the  progressive  induction  of  tliose 
equations  without  end  ? 

I  wish  Lagrange  had  been  more  precise  in  the  titles  of  his  two 
books.  Theory  of  Analytical  Funi.tions,  Calculus  of  Functions  ; 
for,  as  his  Theory  does  not  include  geometrical  analysis,  it  relates 
to  algebraical  functions  only,  and  not  to  them  all ;  for  it  does  not 
r<;late  to  common  functions  of  known  and  unknown,  of  constant 
and  variable,  quantities  ;  it  therefore  relates  to  derived  functions 
Gnly  ;  and  not  even  to  them  all ;  for  let  any  one  consider  Arbogast's 
Derivations,  and  he  will  see  that  it  does  not  relate  to  derived  func- 
tions where  the  operations,  not  the  quantities,  are  derived  from 
each  other  ;  it  is,  consequently,  the  theory  of  fluxional  or  differen- 
tial functions  direct  and  inverse. 

Here  let  me  remark,  that  the  views  of  perhaps  all  the  writers  on 
the  important  subject  of  fluxions  relate  more  or  less  directly  to  the 

doctrine  of  ratios,  ■—,  7-=^,  y*  x  =  -—-,  according  to  Lagrange's 

own  statement ;  for,  in  every  fraction,  is  not  the  numerator  the 
antecedent,  and  the  denominator  the  consequent,  of  a  ratio  ? 

The  observations  of  Lacroix  and  other  eminent  mathematicians 
may  remove  the  difficulties  whicia  learners  always  find,  in  conse- 
quence of  the  differential  and  the  integral  notation,  as  the  differ- 
ences of  the  absciss  and  of  the  ordinate  are  not  employed,  nor  the 
integer  of  a  fraction,  nor  the  sum  of  quantities  ;  the  notation,  how- 
ever, is  extremely  convenient,  and  will  not  puzzle  a  learner,  if  its 
defect  be  supplied  by  a  very  careful  explanation. 

Even  variation  is  not  a  very  happy  word,  for  variation  may  be 
either  starting  or  continuous.  Fluxion  is  the  happiest  word  that  I 
know,  as  it  marks  a  continuous,  not  a  starting,  change  :  and  since 
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variations  as  a  calculus  succeed  fluxions  in  the  order  both  of  mature 
and  of  invention,  the  proper  appellation,  perhaps,  would  have  been 
subfluxions,  with  a  suitable  notation.  It  would  be  improper,  how- 
ever, to  propose  any  change. 

With  regard  to  the  fluxional  notation^  —  seems  as  convenient  as 
y-f ,  while  the  latter  d  is  preserved  for  algebraic  operations ;  and  / 

lit  CC 

seems  as  convenient  as  5  for  marking  the  fluent.  In  a  philosophical 
point  of  view,  there  is  no  com[)arison. 

I  sometimes  hear  mathematicians  say,  We  ought  to  adopt  the 
foreign  notation.  Would  not  such  adoption  be  to  attempt,  as  far 
as  it  is  in  our  power,  to  efface  the  knowledge  of  one  of  Newton's 
greatest  discoveries  ?  Would  it  not  be  also  unpatriotic  ?  Inde- 
pendently of  a  natural  patriotism,  and  of  the  respect  due  to  Newton, 
would  a  change  rather  unphilosophical  be  a  change  for  the  better  ? 

1  st  X  A 
To  some  it  may  seem  a  digression,  that  the  formula  --7-^ — js  = 

*?d   X    A  .  . 

yrp  ■•  ■■>  is  derivable  by  a  boy  from  the  simplest  operation  in  the 

Ilule  of  Three  ;  that  in  the  eighth  of  a  line  it  contains  FAiclid's 
flftli  definition  of  eight  lines  in  his  fifth  book;  that  it  comprehends 
all  proportional  quantities,  whether  commensurable  or  incommen- 
surable ;  and  that  Euclid,  it  is  probable,  thus  deduced  the  defi- 
nition. 

Tiie  mistake  of  a  very  able  mathematician,  Carnot,  in  his  Meta- 
physique  du  Caleul  Infinitesimal,  where  he  endeavours  to  show  that 
the  differential  equations  are  imperfect,  seems  to  arise  from  his  not 
distinguishing  sufficiently  the  dilferenccs  or  increments  from  the 
fluxions  or  differentials. 

From  all  that  has  been  said  we  may  conclude,  that  no  demon- 
stration ought  to  depend  on  motion,  if  motion  can  be  avoided,  but 
that  motion  is  either  mathematical  or  mechanical :  that  no  demon- 
stration of  the  fluxional  problem  can  be  rigorous  and  satisfactory 
that  depends  on  infinitesimals  and  on  vanishing  quantities  :  that 
though,  in  compliance  with  custom,  I  said  in  p.  331,  line  24, 
*'  vanishing  quantity,"  yet  it  is  not  strictly  a  vanishing  quantity,  but 
a  quantity  which,  by  the  continued  bisection  of  the  incrernent  of 
the  abscissa,  may  become  less  than  any  assigned  quantity  how  small 
soever :  that  in  my  former  paper  I  might  without  fig.  1  or  2  have 
stated  and  demonstrated  by  fig.  3  the  doctrine  of  fluxion  in  the 
form  of  a  theorem  ;  or  In  the  form  of  a  problem  tlius,  prop,  pro- 
blem, to  find  the  fluxion  of  any  function  of  a  variable  quantity  : 
or  thus,  prop,  problem,  to  find  the  rate,  &c.  To  find  the  rate  of 
change  iu  a  quantity  and  its  functioi).  This  procedure  would  have 
been  more  scientific  and  elegant,  not  more  intelligible,  than  that 
which  I  employed :  that  Newton''s  lemma  consists  of  two  parts  ; 
first,  of  the  conception  of  the  generation  of  quantity  by  motion  j 
and,  secondly,  of  the  demonstration  which  relates  neither  to  mo- 
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tion,  nor  to  infinitesimals,  nor  to  vanishing  quantities,  nor  even  to 
limits  except  indirectly  :  that  fluxions,  and  variations  which  are  also 
fluxions,  ought  to  be  taught  among  the  very  eleiT>€nts  of  geometry 
and  algebra  :  that  curves  are  most  easily  conceived  and  understood 
from  their  equations,  not  from  the  sections  of  solids  :  that  the  sec- 
tiqns  of  cones  and  of  other  solids  may  be  very  requisite  in  masonry, 
carpentry,  civil  and  military  engineering ;  but  that  the  student  of 
general  science,  without  neglecting  these  sections,  ought,  soon 
after  he  knows  the  fourteenth  proposition  of  Euclid's  second  book, 
and  a  little  of  algebra,  to  acquire  the  principles  of  fluxions,  availing 
himself  of  that  knowledge  to  render  his  progress  continuous  from 
Euclid  through  conies,  which  he  will  do  by  taking  the  equations  to 
the  ellipse,  &c.  from  that  to  the  circle  :  and  that,  if  such  a  method 
be  followed,  a  diligent  student  will  leave  our  Universities  with  a 
competent  knowledge  of  Newton,  Euler,  Lagrange,  Monge,  La- 
place, and  many  others,  and  of  any  department  of  natural  philo- 
sophy to  which  their  mathematical  researches  are  applicable. 


Article  V. 
A  Mamoir  on  Iodine.     By  M.  Gay-Lussac. 

(Concluded  ffom  p.  132.) 

Historical  Note  on  the  Discovery  of  Iodine. 

It  was  about  two  years  after  M.  Courtois  had  discovered  iodine 
that  M.  Clement  announced  it  to  the  Institute  on  the  29th  Novem- 
ber, IS  13.  M.  Courtois  had  observed  several  of  its  properties,  and 
particularly  that  which  it  has  of  forming  a  very  fulminating  powder 
when  treated  with  ammonia.  He  intended  to  have  ascertained  all 
its  properties;  but  being  prevented  by  the  attention  required  by  an 
extensive  manufactory  of  nitre,  he  engaged  M.  Clement  to  continue 
his  researches.  M.  Clement,  from  similar  motives,  could  only  con- 
secrate to  it  a  few  moments.  However,  he  obtained  a  great  number 
of  results,  as  may  be  seen  by  the  note  printerl  in  the  Ann.  de  Chim. 
Ixxxviii".  30-1.  He  discovered  that  by  the  combination  of  iodine 
and  phosphorus  a  gaseous  acid  is  obtained  ;  but  he  concluded  from 
his  experiments  that  this  acid  was  composed  of  about  ^  muriatic 
acid  and  -|  iodine.  M.  Clement  was  employed  in  these  experiments 
when  Sir  H.  Davy  came  to  Paris  ;  and  he  thought  that  he  could 
not  better  receive  so  distinguished  a  philosopher  than  by  showing 
him  the  new  substance,  which  he  had  likewise  shown  to  MM. 
Chaptal  and  Ampere.  I  state  these  circumstances  to  answer  a 
strange  assertion  whicli  we  find  in  the  Journal  of  Messrs.  Nicholson 
and  Tilloch,  No.  189,  p.  G9  : — "  It  appears  that  this  gas  (iodine) 
was  discovered  above  two  years  ago  ;  but  such  is  the  deplorable  state 
of  scientific  men  in  France,  that  no  account  of  it  was  published  till 
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the  arrival  of  our  English  philosopher  there."  It  is  Sk  H.  Davy  of 
whom  they  speak.  Soon  after  showing  iodine  to  Davy,  and  com- 
municating to  him  the  result  of  his  experiments,  M.  Clement  read 
his  note  to  the  Institute,  and  concluded  by  announcing  that  I  was 
going  to  continue  the  subject.  On  the  6th  of  December  I  read  a 
note  to  the  Institute  on  the  subject,  which  was  printed  in  tlie  INIo- 
niteur  of  the  12th  of  December,  and  afterwards  in  the  Annales  de 
Chimie,  Ixxxviii.  311.  It  is  needless  to  say  here  that  the  results 
■which  it  contained  determined  the  nature  of  iodine,  and  that  I 
there  established  that  it  is  a  simple  body  analogous  to  chlorine. 
Nobody  hitherto  has  disputed  that  I  was  the  first  who  discovered  the 
nature  of  iodine  :  and  it  is  certain  that  Davy  did  not  publish  his 
results  till  more  than  eight  days  after  having  known  mine. 

Note  A. 
When  we  make  iodine,  an  alkaline  oxide,  and  water,  act  upon 
each  other  at  once,  there  is  formed  in  general  an  iodate  and 
hydriodate,  or,  if  you  choose,  an  ioduret.  The  oxygen  which 
acidifies  the  iodine  may  be  furnished  either  by  tiie  alkaline  oxide  or 
by  the  water.  Let  us  examine  which  of  these  two  in  all  probability 
furnishes  it.  When  we  employ  potash,  we  may  admit  that  it  is  it 
which  furnishes  the  oxygen  to  the  iodine  ;  for  as  iodine  disengages 
oxygen  from  the  potash  at  a  red  heat,  we  may  conceive  that  the 
same  thing  takes  place  at  the  ordinary  temperature  by  means  of 
water  ;  especially  if  we  consider  that  here  two  products  are  formed, 
iodate  and  ioduret,  and  that  there  are  of  consequence  two  forces 
which  tend  to  decompose  a  portion  of  the  potash.  The  same  thing 
may  be  said  of  soda,  from  which  iodine  likewise  separates  the 
oxygen  at  a  red  heat;  and  of  all  the  oxides  in  which  the  oxygen  is 
but  weakly  condensed.  But  is  this  necessarily  the  case  also  with  all 
the  other  oxides  ?  Iodine  does  not  disengage  the  oxygen  from 
barytes,  strontian,  lime,  and  magnesia,  even  at  a  very  high  tem- 
perature;  and  this  circumstance,  while  it  renders  it  more  difficult 
to  conceive  the  decomposition  of  a  part  of  these  alkalies  by  means 
of  water,  although  there  is  then  the  concurrence  of  two  affinities, 
renders  very  probable  the  existence  of  a  limit  beyond  which  the 
united  affinities  of  the  iodine  for  the  metal,  and  the  iodic  acid  for 
the  metallic  oxide,  cannot  overcome  the  affinity  of  the  metal  for 
oxygen.  In  this  case  the  water  may  be  decomposed ;  and  I  have  no 
doubt  that  this  is  the  fact.  On  the  supposition  that  there  exibt  only 
iodurets  in  solution  in  water,  and  no  hydriodates,  it  is  a  necessary 
consequence  that  the  oxygen  is  furnished  to  the  iodine  by  the  me- 
tallic oxide.  But  if  there  exist  hydriodates,  then  the  oxygen  will 
be  furnished  by  the  water  in  all  the  cases  in  which  they  are  formed. 
The  question  then  reduces  itself  to  this — do  hydriodates  exist  ?  We 
shall  examine  it.  But  as  it  is  the  same  v.ith  the  hydro-chlorates, 
which  are  better  known,  we  shall  turn  our  more  particular  attcntiou 
to  them. 
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It  may  be  stated,  in  the  first  place,  against  the  existence  of 
hydro-chlorates,  that  we  must  admit  that  on  evaporating  the  water 
in  which  they  are  dissolved,  they  are  changed  into  clilonireto,  and 
that  by  redissolving  these  we  reproduce  the  hydro-chlorates. 

It  is  very  true  that  crj'stallization  is  sufficient  to  change  the 
hydro-chlorates  of  potash,  soda,  and  barytes,  into  the  state  of  chlo- 
rurets.  But  this  does  not  happen  with  the  hydro-chlorates  of  lime 
and  magnesia.  A  high  temperature  is  necessary  to  deprive  the  first 
of  the  whole  of  its  water.  And  how  can  we  affirm  tiiat  a  part  of 
that  water  is  not  the  result  of  the  oxygen  and  hydrogen  which  con- 
stituted the  hydro-chlorate  ?  That  of  magnesia  requires  likewise  a 
high  temperature  to  be  decomposed,  and  the  chlorine  finds  still 
sufficient  hydrogen  to  be  changed  into  hydro-chloric  acid. 

Here  then  is  a  decided  case  in  which  hydro-chloric  acid,  and  we 
may  add  hydriodic  acid,  are  not  able  to  reduce  ryngnesia,  thougli  in 
circumstances  most  favourable  to  their  action.  But  if  we  cannot 
deny  the  existence  of  hydro-chlorate  and  hydriodate  of  magnesia, 
by  what  certain  character  can  we  know  that  those  of  lime  cannot 
exist  at  the  ordinary  temperature  of  the  atmosphere  ? 

When  a  solution  of  chloruret  of  calcium  is  mixed  with  suhcar- 
bonate  of  ammonia,  the  chlorine  must  pass  to  the  state  of  hydro- 
chloric acid  in  order  to  combine  Avith  the  ammonia.     And  if  we 
can  admit  that  water  is  decomposed  at  the  moment  of  precipitation 
in  order  to  furnish   hydrogen  to  the  chlorine,  and  oxygen  to  the 
calcium,  nothing  in  that  case  prevents  us  from  admitting  that  the 
act  of  crystallizing  is  sufficient  to  convert  an  hydro-chlorate  into  a 
chloruret,  and  that  the  solution  of  a  chloruret  in  water  converts  it 
into  a  hydro-chlorate  ;  for  it  is  the  diffi^rence  of  solubility  of  subcar- 
bonate  of  lime  and  hydro-chlorate  of  ammonia  which  occasions  the 
double  exchange  of  the  bases  and  acids  ;  and  consequently  it  is  on 
account  of  that  difference  of  solubility  that  the  water  is  decomposed. 
If  we  mix  together  chalk  and  muriate  of  ammonia,  we  reproduce 
by  heat  subcarbonate  of  ammonia  and  chloruret  of  calcium      Thus, 
though  we  refuse  to  admit  that  the  chloruret  of  calcium  is  changed 
into  hydro-chlorate  by  solution  in  water,  we  must  still  allow  that 
the  elements  of  water  may  be  separated  or  united  by  a  trifling 
change  of  temperature.     What  I  have  just  said  of  the  hydro-chlo- 
rate  of  lime  applies   to   most  of   the  other  hydro-chlorates  and 
hydriodates;  and  I  might  mention  other  analogous  facts.     But  I  ask 
this  only  to  be  granted  me,  that  water  in  certain  circumstances  may 
be  formed  or  decomposed  by  the  same  forces  which  produce  the 
double  decomposition  of  salts.     These  forces  being  in  general  very 
weak,  since  a  slight  change  in  temperature  is  sufficient  to  vary  the 
nature  of  double  decompositions,  it  will  be  obvious  that  solution  in 
water  and  crystallization   may    determine  the  decomposition   and 
formation  of  this   liquid.     But  in  that  case  the   reason   which  I 
assigned  in  favour  of  the  existence  of  chlorurets  and  iodurets  dis- 
solved in  water,  docs  not  appear  to  me  to  have  the  same  force. 
It  may  be  alleged,  on  the  other  hand,  in  favour  of  the  existence 
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of  chlorurets  in  solution  in  water,  that  when  they  are  dissolved  only 
a  very  slight  change  of  temperature  takes  place  ;  while  if  the  water 
were  realiy  decomposed,  the  variation  would  be  very  great. 

The  temperature  produced  by  the  solution  of  a  solid  body  being 
the  result  of  two  opposite  causes,  it  is  difficult  to  distinguish  the 
heat  owing  to  the  combination  of  the  liquid  with  the  solid  from 
that  which  is  owing  to  the  change  of  state  in  the  solid.  But  inde- 
pendent of  this  consideration,  I  must  remark,  that  some  of  the 
chlorurets  produce  cold  when  dissolved  in  water,  and  others  heat. 
Thus  the  chloruret  of  sodium  sinks  the  temperature  of  the  water 
about  3-5°,  while  that  of  calcium  raises  it  more  tiian  108°.  Far- 
ther, if  it  be  demonstrated  that  the  forces,  which  determine  the 
double  sahne  decompositions,  are  sufficient  to  operate  the  separation 
of  the  elements  of  water  and  their  union  in  the  circumstances  of 
which  we  are  speaking,  we  ought  to  admit  that  the  state  of  con- 
densation of  the  oxygen  and  hydrogen  in  water  is  little  different 
from  that  which  they  experience  in  the  hydro-chlorate,  and  then  the 
variations  of  temperature  owing  to  the  separation  or  re-union  of 
these  two  elements  ought  to  be  but  little  sensible.  Besides,  my 
object  is  not  to  prove  that  only  hydro-chlorates  exist  in  solution  in 
water.  I  believe,  on  the  contrary,  that  according  to  the  nature  of 
the  substance  with  which  the  chlorine  is  combined,  the  chlorurets 
may  dissolve  in  water  without  undergoing  decomposition,  or  be 
changed  into  hydro-chlorates  during  that  solution. 

To  acquire  still  further  light  on  that  head,  I  supposed  that  on 
mixing  a  solution  of  sulphate  of  ammonia  with  that  of  chloruret  of 
calcium  or  barytes,  there  ought  to  be  produced  a  great  deal  of  heat, 
if  these  metals  were  not  combined  with  ox3'gen ;  for  having  to  pass 
into  the  state  of  oxide  in  order  to  combine  with  sulphuric  acid,  the 
decomposition  of  the  water  must  necessarily  take  place,  and  its 
oxygen  experiencing  a  great  condensation  on  uniting  to  the  calcium 
or  barium,  there  ought  to  be  a  very  sensible  disengagement  of  heat. 
On  mixing  solutions  of  chloruret  of  calcium  and  sulphate  of  am- 
luonia  nearly  in  equal  volumes,  the  temperature  scarcely  rose  half  a 
degree,  though  such  a  quantity  of  sulphate  of  lime  was  formed  that 
the  whole  mixture  became  solid.  The  solution  of  chloruret  of 
barium  treated  in  the  same  way  produced  an  elevation  of  about  3*5°. 
From  these  facts  it  would  seem  that  in  the  solution  of  chloruret  of 
calcium  the  metal  is  in  the  state  of  an  oxide,  while  in  that  of  chlo- 
ruret of  barium  the  metal  is  still  in  the  metallic  state. 

Analogy,  to  which  one  should  not  yield  too  blindly  in  chemistry, 
but  which  ought  not  to  be  neglected  when  founded  on  a  numerous 
series  of  phenomena,  furnishes  still,  as  we  shall  see,  some  proba- 
bilities in  favour  of  the  existence  of  the  hydro-chlorates. 

It  cannot  be  doubted  that  sulphur,  and  even  phosphorus,  ap- 
proach a  good  deal  to  chlorine  and  iodine,  and  that  of  course  their 
combinations  have  an  analogy  with  each  other.  But  if  we  dissolve 
in  water  the  sulphuret  of  potassium,  we  obtain  a  combination  the 
pdoiir  of  which  armounces  the  presence  of  hydro-sulphuric  acid. 
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and  which  allows  that  acid  to  escape  by  the  action  of  a  moderate 
heat.  In  the  same  way,  when  phosphurct  of  potassium  is  dissolved, 
phosphureted  hydrogen  gas  is  disengaged.  The  water  then  in  these 
different  circumstances  is  decomposed  :  in  the  first  case,  in  conse- 
quence of  the  affinity  of  potassium  for  oxygen,  and  of  sulphur  for 
hydrogen  ;  and  in  the  second,  in  consequence  of  the  same  affinities, 
together  with  that  of  phosphorus  for  oxygen,  since  at  the  same  time 
phosphorous  acid  is  formed.  Further,  1  have  already  uemarked  that 
among  tlie  chlorurets,  iodurets,  and  sulphurets,  it  is  those  one  of 
whose  elements  has  more  affinity  for  oxygen  than  the  other  for 
hydrogen,  that  are  soluble  in  water.  Hence  after  the  unequivocal 
existence  of  hydro-chlorate  and  hydriodate  of  magnesia ;  after  the 
proofs  which  1  have  given  tliat  water,  either  in  dissolving  a  chlo- 
ruret,  or  in  abandoning  it,  may  he  decomposed  or  formed  by  th* 
satne  forces  that  determine  the  double  saline  decompositions ;  and 
after  the  analogies  which  I  have  just  stated,  1  think  we  may  admit 
that  most  of  the  chlorurets,  iodurets,  and  sulphurets,  in  solution  in 
water,  those  at  least  whose  metals  have  a  great  affinity  for  oxygen, 
may  be  considered  as  hydro-chlorates,  hydriodates,  and  hydro-sul- 
phates. I  do  not,  however,  deny  the  existence  of  the  chlorurets, 
&c.  in  solution  in  water.  On  tlie  contrary,  I  admit  as  a  principle 
that  we  ought  to  have  a  chloruret  or  a  hydro-chlorate  in  solution, 
according  as  the  forces  which  act  in  order  to  decompose  water  are 
smaller  or  greater  than  those  which  keep  its  elements  united. 

Note  B. 

On  Acidity  and  Alkalinity. 

All  the  combinations  which  bodies  form  may  be  divided  into  two 
sets.  In  the  one  there  is  perfect  neutrality  ;  in  the  other,  acidity  or 
alkalinity. 

Neutrality  may  not  only  exist  in  the  saline  combinations,  but 
likewise  in  many  others.  Thus  the  ethers  formed  by  the  combina- 
tion of  an  acid  with  alcohol,  the  soaps  with  an  alkaline  or  acid  basis, 
are  so  many  compounds  in  which  the  respective  properties  of  the 
constituents  disappear  completely.  In  the  acid  or  alkaline  combina- 
tions, on  the  contrary,  the  peculiar  properties  of  one  of  the  consti- 
tuents still  show  themselves. 

From  the  idea  of  neutrality  derived  principally  from  the  saline 
combinations,  we  regard,  as  performing  the  function  of  an  alkali, 
all  the  bodies  which  saturate  either  completely  or  in  part  the  pro- 
perties of  acids  ;  and  as  acids,  all  bodies  that  saturate  the  properties 
of  alkalies.  We  consider,  further,  the  neutral  state  as  resulting 
from  a  certain  constant  ratio  betv.een  the  body  which  possesses  the 
properties  of  acids,  and  that  which  possesses  those  of  alkalies.  In 
every  other  ratio  the  compound  is  acid  or  alkaline.  But  in  all  cases 
the  acidity  or  alkalinity  v/hich  is  in  excess  is  less  than  before  the 
pombination;  and  this  excess  may  be  exactly  measured  by  the  (juan- 
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thy  of  substance  which  it  is  necessary  to  add  to  obtain  the  neutral 
state  compared  with  the  whole  of  the  same  substance  contained  in 
tlje  neutral  compound.  Let  us  apply  these  considerations  to  the 
acids  tbeniselves,  and  to  the  alkalies. 

Neutrality,  or  complete  saturation  of  the  acid  properties  by  the 
alkaline,  takes  place  both  between  two  simple  bodies  and  two  com- 
pound bodies.  It  is  in  the  first  case  even  that  acidity  and  alkalinity 
show  themselves  in  all  their  energy.  Water  and  white  oxide  of 
arsenic  are  neutral  combinations,  analogous  in  this  respect  to  the 
salts  :  and  as  it  is  oxygen  which  possesses  acid  properties,  hydrogen 
and  arsenic  ought  to  possess  alkaline  ones.  When  oxygen  is  com- 
bined with  the  metal  in  greater  quantity  than  in  white  oxide,  then 
the  compound  is  acid.  In  like  manner  protoxide  of  azote  ought  to 
be  considered  as  a  neutral  compound;  but  when  the  oxygen  is 
combined  with  azote  in  three  times  or  five  times  as  great  a  propor- 
tion, the  acid  properties  of  the  oxygen  are  no  longer  neutralized  by 
the  alkaline  properties  of  the  azote,  and  the  combination  possesses 
acid  characters. 

Since  most  of  tiie  oxides  are  alkaline,  though  they  contain 
oxygen,  the  metals  whose  oxides  have  that  property  ought  them- 
selves to  possess  it  in  a  much  more  considerable  degree.  It  would 
seem  from  this  that  oxygen  loses  or  preserves  its  character  in  com- 
binations, according  to  the  proportion  in  which  it  enters  into  them. 
Let  us  examine  if  ti^ese  proportions  should  be  constant  or  variable 
to  produce  this  effect.  VVe  shall  compare  the  bodies  according  to 
their  volumes  in  the  elastic  state,  and  not  according  to  their  ponder- 
able quantities,  which  have  much  less  influence  on  their  combina- 
tions. 

In  water  there  enter  two  volumes  of  hydrogen  and  one  of  oxygen. 
Hence,  equal  volumes  considered,  oxygen  is  much  more  acidifying 
than  azote  is  alkalifying;  and  that  equal  volumes  of  azote  and 
hydrogen  are  alkalifying  in  the  same  degree,  if  we  can  compare 
exactly  the  protoxide  of  azote  with  water.  The  oxide  of  carbon 
appears  to  me  to  result  from  the  combination  of  two  volumes  of  the 
vapour  of  carbon  with  one  of  oxygen  gas,  and  if  we  might  consider 
the  i)rotoxide  of  azote  and  water  as  combinations  equally  neutral,  we 
might  conclude  that  the  acidifying  properties  of  oxygen  gas  are 
neutralized  by  a  double  proportion  of  the  body  v,ith  whici)  it  com- 
bines, and  it  would  be  very  remarkable  that  azote,  hydrogen,  and 
carbon,  possess  alkalifying  properties  in  the  same  degree. 

In  carl)onic  acid  we  may  conclude  with  the  greatest  probability 
that  the  oxygen  is  combined  with  an  equal  volume  of  the  vapour  of 
carbon,  and  in  sulphurous  acid  that  it  is  combined  with  an  equal 
volume  of  the  vapour  of  sulphur.  But  though  in  nitrous  gas  there 
are  equal  volumes  of  oxygen  and  azote,  this  gas  does  not  possess 
acid  properties.  But  as  these  three  compounds  contain  the  same 
proportions  in  volume,  and  as  there  is  no  other  difference  between 
them  except  that  in  sulphurous  and  carbonic  acids,  tlie  condensatioa 
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amounts  to  half  the  whole  volume,  while  in  nitrous  gas  there  is  no 
condensation  whatever,  it  would  seem  that  this  is  the  cause  why 
nitrous  gas  docs  not  possess  acid  properties,  and  consequently  that 
the  combination  of  an  equal  volume  of  oxygen  with  a  certain  class 
of  bodies  will  constantly  produce  acids,  if  the  condensation  of  the 
elements  be  one  half  of  the  whole  volume. 

Nitrous  acid  is  composed  of  1  azote  and  1'5  oxygen,  and  nitric 
acid  of  1  azote  and  2-5  oxygen,  and  yet  tlie  acidifying  property  of 
these  two  acids  is  tiie  same  ;  for  with  equal  quantities  of  azote  they 
saturate  the  same  quantity  of  alkaline  base.  The  case  is  the  same 
with  sulphurous  and  sulphuric  acids,  the  last  of  which  contains 
I'D  more  oxygen  than  tiie  tirsf,  thougli  they  both  saturate  the  same 
quantity  of  base.  Iodic  acid  is  composed,  like  nitric  acid,  of  one 
part  in  volume  of  vapour  of  iodine  and  2'5  of  oxygen;  and  chloric 
acid  results  also  from  the  union  of  one  part  of  chlorine  with  two 
and  a  half  of  oxygen. 

It  is  very  remarkable  to  see  acids  very  different,  both  in  the 
nature  of  their  radical  and  in  the  quantity  of  oxygen  which  they 
contain,  saturate  the  same  quantity  of  alkali,  supposing  each  to 
contain  the  same  gaseous  volume  of  radical.  The  following  table 
shows  this  : — 

Chloric  acid -[  ^"^'^^    \  r\  saturates  2  ammonia 

\  Oxygen 2*5  J 

Iodic  acid !^}f'^'''^^ I  A 2 

\  Oxygen 2-5  / 

Nitrlcacid Sf,^^'''^^ 1,1 2 

\  Oxygen 2*o  J 

Nitrousacid    . . , .  i  ^""^'^^^ J  -  1- 2 

\  Oxygen 1'^  J 

Sulphuric  acid  . . .  ?  Vapour  of  sulphur  1      ^ 2 

\  Oxygen ^'^  / 

Sulphurous  acid  . .  /V^P""'"  ^^  ^"^P^^"""  \      \ 2 

L  Oxygen I      f 

Hvdriodic  acid   . .  i  V^P?"''  ^'  ^«'^'"'^-  ■]     \ 2 

(^Hvdrogen 1      j 

Hydro-chloric  acid  |  H^-dro"  en 1      } - 

It  is  very  probable  that  hydro-sulphuric  acid  follows  the  same 
,  law. 

When  we  see  such  different  acids  saturate  the  same  quantity  of 
base  (supposing  each  to  contain  the  same  volume  of  radical),  ought 
we  not  to  draw  this  consequence  that  the  saturating  property  of  an 
acid  depends  principally  upon  its  radical,  since  only  the  ratio  of  this 
radical  to  the  alkaline  base  is  constant  ? 

In  fact,  if  there  be  no  doubt  that  oxygen,  chlorine,  and  iodine, 
possess  very  powerful  acidifying  properties,  how  comes  it  that  chloric 
acid  and  iodic  acid  do  not  saturate  more  than  nitric  acid,  nitrous 
acid,  &c.  It  may  bo  answered  that  the  way  in  which  I  here  measure 
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acidity  is  not  exact,  and  that  there  is  a  great  difference  between  the 
property  which  an  acid  has  of  neutralizing  a  greater  or  smaller 
quantity  of  base,  and  the  energy  of  its  acidity.  I  adniit  this  for  an 
instant ;  and  I  shall  even  suppose  that  the  acid  energy  of  a  body 
depends  upon  its  electric  energy.  Do  we  not  admit  that  the  electric 
energy  of  a  neutral  salt  is  null,  or  almost  null  ?  And  even  in  this 
case,  must  not  the  electric  energy  of  the  acid  be  destroyed  by  the 
opposite  energy  of  the  base  ?  If  this  were  the  case,  it  would  be 
doubtless  as  remarkable  to  see  the  same  quantity  of  base,  the  electric 
energy  of  which  is  constant,  neutralize  the  energy  of  very  different 
acids,  which  without  doubt  is  variable.  Besides,  I  must  observe 
that  M.  BerthoUet  has  long  ago  put  it  out  of  doubt  that  the  insolu- 
bility and  elasticity,  both  of  the  acids  and  bases,  and  of  the  com- 
pounds into  which  they  enter,  are  the  principal  causes  of  their 
mutual  decompositions ;  and  consequently  that  the  electric  energies, 
though  highly  worthy  of  consideration,  are  here  but  secondary. 

But  1  shall  venture  to  say  that  the  neutralization  of  acids  and  alkalies 
in  simple  ratios,  and  that  of  their  electric  energies,  when  they  form 
neutral  salts,  are  subordinate  to  the  property  which  all  bodies  have  of 
combining  in  definite  proportions  ;  and  I  conceive  that  what  we  call 
npuiraliti/  docs  not  indicate  a  uniform  degree  for  all  combinations. 
A  compound  is  neutral  with  respect  to  us  v.hen  it  refuses  to  unite 
with  the  acid  or  alkaline  particles  picsenled  to  it.  But  if  the  energy 
of  the  acid  body  which  enters  into  the  compound  does  not  exactly 
correspond  with  the  energy  of  the  alkaline  body  ;  if  it  be  necessary, 
in  order  to  saturate  the  excess  of  the  one  or  the  other,  to  add  a 
quantity  of  acid  or  alkali  beyond  the  definite  proportion  in  which 
the  acid  and  alkaline  body  can  combine,  the  combination  of  the 
portion  added  will  not  be  possible,  and  consequently  the  saturation 
of  the  acidity  or  alkalinity  cannot  be  complete,  though  re-actives 
indicate  the  contrary.  Such  combinations  ought  to  preserve  a  cer- 
tain energy  of  affinity,  which  is  probably  the  cause  of  the  formation 
of  triple  salts,  and  these  salts  ought  to  approach  nearer  to  perfect 
neutrality  than  those  of  which  they  are  formed.  We  observe,  in 
fact,  that  the  solubility  of  the  triple  salts  is  in  geaeral  less  than  that 
of  the  salts  of  which  they  are  composed;  and  it  is  natur.il  to  think 
that,  ccBler'is  paribus,  a  saline  combiiuitiou  ought  to  be  the  less 
soluble  the  more  neutral  it  is. 

From  what  has  been  said,  we  see  that  oxygen  in  genend  gives  a 
neutral,  acid,  or  alkaline,  character  to  a  body  according  tq  the  pro- 
portions in  which  it  combines  with  it ;  but  that  the  condensation  of 
volume  which  the  constituents  undergo,  lias,  independent  of  pro- 
portions, a  very  great  influence  in  the  determination  oi  the  cha- 
racter of  the  compound  which  they  form.  Thus  the  combination  in 
volume  of  two  parts  of  hydrogen,  azote,  or  carbon,  with  one  of 
oxygen,  and  a  condensation  of  one-third  of  the  total  volume  deter- 
mines the  neutral  character.  The  combination  of  one  part  in  vo 
lume  of  carbon  or  sulphur  with  one  part  of  oxygen,  and  a  conden- 
sation of  half  the  total  volume,  determines  the  add  character.  But 
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if  the  condensation  be  nothing,  as  in  nitrous  gas,  the  compound  is 
neither  acid  nor  alkaline,  though  it  contain  equal  volumes  of  azote 
and  oxygen.  It  seems  to  result  from  this  that  neutrality  betweea 
two  bodies  may  be  obtained  in  different  ways,  by  varying  their  pro- 
portions or  the  condensation  of  their  volumes.  When  the  propor- 
tion of  oxygen  is  above  half  the  total  volume,  there  ought  for  a  still 
stronger  reason  to  be  acidity.  Yet  when  wc  compare  sulphurous 
with  sulphuric  acid,  nitrous  with  nitric  acid,  and  phospliorous  with 
phosphoric  acid,  we  observe  that  the  acidity  is  the  same  for  each 
couple  of  acids,  though  they  contain  different  quantities  of  oxygen. 
1  consider  it  as  very  probable  that  the  oxygen  added  to  sulphurous 
acid  to  convert  it  into  sulphuric  does  not  change  its  volume,  and 
that  we  have  always  the  same  number  of  compound  molecules  which 
combine  with  the  same  number  of  alkaline  molecules.  This  view 
of  the  subject  will  explain  the  permanency  of  neutrality  in  the  salts 
whose  acid  is  capable  of  combining  with  a  new  quantity  of  oxygen, 
and  it  would  make  the  neutral,  acid,  or  alkaline,  character  depend 
both  on  the  number  of  heterogeneous  molecules  which  combine, 
and  on  their  arrangement.  It  will  explain  likewise  why  an  oxide 
saturates  so  much  the  more  of  an  acid  as  it  contains  more  oxygen  ; 
for  it  will  be  sufficient  to  admit  that  the  number  of  molecules  of  the 
oxide  increases,  on  receiving  a  new  quantity  of  oxygen,  in  the  same 
ratio  as  the  number  of  acid  molecules  which  it  saturated  at  first  has 
augmented.*  We  shall  be  able  to  conceive  likewise  why  two  bodies, 
like  chlorine  and  oxygen,  which  have  such  decided  acid  characters, 
form,  on  combining  in  the  proportion  of  1  to  2-5,  an  acid  which 
saturates  no  more  than  hydro-chloric  acid,  which  is  composed  of 
equal  parts  of  chlorine  and  hydrogen,  though  the  characters  of 
hydrogen  be  rather  alkaline  than  acid.  We  shall  be  able  to  con- 
ceive likewise  why  fat  bodies  and  alcohol  saturate  acids  like  alkalies, 
and  why  the  same  fat  bodies  saturate  alkalies  like  acids.  Lastly,  we 
?hall  be  able  to  conceive  the  possibility  of  forming  neutral  com- 
pounds with  bodies  which  have  the  same  acid  or  alkaline  character, 
and  we  will  admit  without  difficulty  that  the  oxide  of  chlorine  or 
euchlorine,  though  resulting  from  the  combination  of  two  bodies 
strongly  acidifying,  may  notwithstanding  be  neutral. 

^Jeutrality,  as  1  have  already  observed,  takes  place  as  well  between 
two  simple  bodies  of  opposite  characters,  as  between  an  acid  and  an 
alkali.  We  may  say  it  takes  place  better ;  for  in  the  metallic  oxides, 
for  example,  the  alkalinity  which  they  enjoy  is  the  result  of  two 
opposite  properties,  the  alkalifying  property  of  the  metal,  and  the 
acidifying  of  oxygen,  modified  both  by  the  combination  and  hy  the 
proportions.  We  have  easy  methods  of  recognizing  the  neutral, 
acid,  or  alkaline,  state  of  some  combinations  ;  but  as  these  methods 
do  not  apply  to  all,  1  shall  endeavour  to  point  out  a  new  one. 

•  It  is  very  remarkable  tliat  in  the  acids  the  satiiraling  property  appears  to 
drpod  solely  on  ihe  radical,  while  in  the  oaides,  on  the  contrarv,  it  depends  upuo 
tlic  oxygen,  which  they  contain.  '^  ^ 
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If  we  decompose  nitrate  of  ammonia  by  heat,  we  obtain  two  pro- 
ducts— water,  which  is  neutral ;  and  protoxide  of  azote,  which 
ought  to  be  so  too.  I  say  ivliich  ought  to  be  so,  first,  because  it  has 
no  acid  nor  alkaline  character ;  secondly,  because  it  is  formed  in  a 
manner  analogous  to  water,  namely,  two  volumes  of  azote  and  one 
of  oxygen. 

The  chloruret,  ioduret,  and  sulphuret  of  potassium,  give  neutral 
compounds  when  in  solution  in  water.  If  this  neutrality  did  not 
exist  between  their  elements,  there  can  be  no  doubt  that  it  would 
not  exist  in  the  solution.  If,  for  example,  there  were  an  excess  of 
potassium,  hydrogen  would  be  disengaged.  If  the  chlorine,  iodine, 
or  sulphur,  were  in  excess,  their  properties  would  be  easily  recog- 
nised. But  the  neutral  hydro-chlorate  of  potash  changing  into 
neutral  chloruret  of  potassium  because  water  is  formed,  we  see  that 
when  two  of  the  four  elements  of  this  neutral  salt  form  a  neutral 
compound,  that  formed  by  the  two  other  elements  is  neutral  also. 
This  is  the  fact  which  I  wish  to  generalize,  by  saying  that  whenever 
a  neutral  compound  is  divided  into  two  compounds  of  which  the 
one  is  neutral,  the  other  is  so  of  necessity  also ;  for  example,  in  the 
neutral  sulphate  of  ammonia  all  the  oxygen  of  the  acid,  and  all  the 
hvdrogen  of  the  alkali,  forming  water  which  is  neutral,  the  sulphur 
and  azote  which  remain,  and  which  are  in  the  proportion  of  20  to 
17'5,  will  form  a  sulphuret  of  azote  which  ought  to  be  neutral  also, 
and  which  will  be  composed  of  equal  volumes  of  sulphur  and  azote. 

On  decomposing  neutral  chlorate  or  iodate  of  potash  by  heat,  we 
obtain  neutral  chloruret  and  ioduret  of  potassium  ;  consequently 
the  potassium  by  losing  its  oxygen,  which  necessarily  diminished  its 
alkaline  energy,  has  gained  as  much  alkaline  energy  as  the  chlorine 
and  iodine  have  gained  of  acid  energy  by  losing  five  times  as  much 
oxvgcn.  Here  is  a  new  proof  that  the  acid  properties  of  a  body  do 
not  follow  the  ratio  of  the  quantity  of  oxygen  which  combine 
with  it. 

Another  principle,  which  I  think  ought  to  be  admitted,  is  that  a 
neutral  compound  does  not  destroy  the  acid  or  alkaline  energy  of 
another  compoand  with  which  it  combines.  This  is  proved  by 
showing  that  when  neutral  compounds  are  mixed,  the  mixture  re- 
mains neutral.  According  to  this  principle,  water  holding  in  solu- 
tion an  acid  or  an  alkali  ought  to  remain  always  acid  or  alkaline, 
whatever  be  its  proportion.  This  liquid,  considered  as  a  solvent, 
presents  therefore  this  remarkable  circumstance,  that  it  overcomes 
the  cohesion  or  elasticity  of  the  bodies  with  which  it  unites  without 
destroying  their  characteristic  properties,  which  enables  us  often  to 
observe  these  properties  better  than  in  the  bodies  themselves. 

In  the  neutral  state,  the  acid  or  alkaline  properties  being  in 
general  saturated,  it  is  evident  that  a  neutral  body  ought  to  have 
less  tendency  to  combine  with  acids  or  alkalies  than  those  which  are 
not  so  ;  and  we  may  easily  explain  why,  ccsteris  paribus,  the  affinity 
of  an  oxide  for  acids  diminishes  in  proportion  as  it  combines  with  a 
greater  dose  of  oxygen.     By  that  it  approaches  more  and  more  to  a 
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state  of  neutrality.     It  may  evfn  pass  it,  and  assume  the  characters 
of  acids,  as  happen?  to  the  peroxides  ot"  tin  and  antimony. 

In  what  I  have  said  I  have  supposed  that  oxygen  communicates 
acidifying  properties  to  otlier  bodies ;  and  I  was  the  better  entitled 
to  make  this  supposition,  l)ecause,  though  Sir  H.  Davy  thinks  that 
the  chlorates  and  iodates  contain  no  acid,  and  are  triple  compounds 
of  the  metals,  oxygen  and  chlorine  or  iodine,  1  have  demonstrated 
that  they  are  true  salts,  analogous  to  the  sulpliates  and  nitrates,  and 
tiiat  chloric  and  iodic  acids  may  be  obtained  in  a  separate  state.  I 
do  not  refuse,  however,  to  chlorine  and  iodine  the  acidifying  pro- 
perty ;  I  go  even  further,  and  assign  it  to  sulphur,  whicli  in  mv 
opinion  possesses  it  in  a  liigh  degree,  to  phosphorus,  carbon,  and 
several  other  bodies.  I  have  long  considered  an  acid,  in  its  most 
general  acceptation,  as  merely  a  body  (whether  it  contains  oxygen 
or  no)  which  neutralizes  alkalinity;  and  an  alkali  is  merely  a  body 
which  neutralizes  acidity.  Thus  in  the  soaps  the  oil  performs  the 
function  of  acid,  since  it  saturates  alkalies ;  and  in  certain  ethers 
the  alcohol  performs  the  function  of  an  alkali,  since  it  saturates 
acids.  Knowing  the  elements  of  hydro-sulphuric  acid  and  am- 
monia, and  the  observations  of  M.  Berthollet  on  prussic  acid,  w-e 
cannot  refuse  to  admit  that  a  body  may  be  acid  or  alkaline  witliout 
containing  oxygen,  and  consequently  that  acidity  and  alkalinily  may 
be  communicated  by  other  bodies  besides  oxygen.  These  observa- 
tions, by  generalizing  our  notions  of  acids  and  alkalies,  have  ren- 
dered the  definition  of  them  very  imperfect ;  because  acidity  and 
alkalinity  are  correlative  terms,  and  one  cannot  be  defined  without 
recourse  to  the  other.  The  difficulty  of  tracing  a  limit  between  the 
acids  and  alkalies  is  still  increased  when  we  find  a  body  sometimes 
performing  the  functions  of  an  acid,  sometimes  of  an  alkali.  Nor 
can  we  diminish  this  difficulty  by  having  recourse  to  the  beautiful 
law  discovered  by  Berzelius,  that  oxygen  and  acids  go  to  the  posi- 
tive pole ;  and  hydrogen,  alkalies,  and  inflammable  bases,  to  the 
negative  pole.  We  cannot,  in  fact,  give  the  name  of  acid  to  all  the 
bodies,  which  go  to  the  first  of  these  poles,  and  that  of  alkali  to 
those  tliat  go  to  the  second:  and  if  we  wished  to  define  the  acids 
by  bringing  into  view  the  nature  of  their  electric  energy,  it  must  be 
seen  that  it  would  be  necessary  to  compare  them  with  the  electric 
energy  which  is  opposite  to  them.  Thus  we  are  always  reduced  to 
define  acidity  by  the  property  which  it  has  of  saturating  alkalinity  ; 
because  acidity  and  alkalinity  are  two  correlative  and  inseparable 
terms. 

Whatever  definition  of  acid  we  prefer,  we  must  divide  the  acids 
into  different  groups,  because  they  do  not  all  derive  their  acid  cha- 
racter from  the  same  body.     We  have, 

1.  The  acids  properly  so  called,  in  which  we  may  consider  oxygen 
as  the  acidifying  principle,  and  which  contain  only  two  elements. 
Such  are  chloric,  iodic,  sulphuric,  sulphurous,  nitric,  nitrous, 
phosphoric,  pliu.^phorous,  carbonic,  arsenic,  boracic,  and  probably 
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a  great  number  of  metallic  oxides,  which  really  possess  the  proper- 
ties of  acids. 

2.  The  acids-formed  by  hydrogen  and  another  body.  This  set  com- 
prehends hydro-chloric,  hydriodic,  and  hydro-sulphuric  acids.  It 
is  probable  that  in  these  acids  chlorine,  iodine,  and  sulphur,  are 
the  acidifying  principles  ;  but  as  hydrogen  enters  into  them  all,  I 
thought  it  better  to  deduce  from  it  their  general  name.  These 
different  acids  may  he  distinguished  by  the  name  hydracids.  Among 
this  set  I  conceive  the  numerous  compounds  of  carbon  and  hydro- 
gen, which  possess  acid  properties,  ought  to  be  arranged.  The 
elements  of  some  of  these  compounds,  and  perhaps  of  all  of  them, 
are  in  the  same  proportion  in  volume  as  in  the  preceding  acids;  and 
their  molecules  are  doubtless  arranged  in  an  analogous  manner. 

Among  the  vegetable  acids  there  are  several  which  draw  their 
acid  character  from  oxygen,  because  that  body  is  the  greatest  con- 
stituent in  them.  This  is  the  case  with  oxalic  acid.  But  citric, 
saclactic,  and  acetic  acids,  probably  owe  their  acid  characters  to  the 
carbon,  which  they  contain  in  the  greatest  proportion.  We  ought 
to  admit  this  in  particular  in  acetic  acid,  which  we  may  conceive  to 
be  composed  of  equal  parts  by  weight  of  carbon  and  water,  or  of 
three  parts  in  volume  of  the  vapour  of  carbon  and  two  of  the  vapour 
of  water.*  I  am  likewise  convinced  that  benzoic  acid  does  not  owe 
its  acid  properties  to  oxygen,  but  rather  to  the  carbon  and  hydrogen. 
And  I  consider  the  classification  of  vegetable  substances  established 
by  M.  Thenard  and  myself  (Rech.  Physico-Chim.  ii.  321,)  as  pre- 
senting exceptions. 

Prussic  acid  ought  without  doubt  to  be  placed  in  a  particular  set, 
though  near  that  of  the  hydracids ;  but  it  would  be  premature  to 
determine  its  classification  without  knowing  exactly  its  nature. 

Besides  these  different  acids,  chlorine,  which  was  always  reckoned 
among  the  acids,  while  considered  as  a  compound  of  muriatic  acid 
and  oxygen,  ought  still  to-be  so,  though  a  simple  body.  The  same 
thing  may  be  said  of  iodine,  and  of  various  other  simple  bodies, 
which  have  the  property  of  combining  with  alkalies.  Yet  it  appears 
to  me  more  convenient  to  continue  to  class  them  among  the  simple 
bodies,  and  to  reserve  the  term  acid  for  the  compound  acids.  But 
it  becomes  necessary  to  divide  these  bodies  into  as  many  sets  as  there 
are  different  generic  characters. 

Though  chlorine  and  iodine  possess  acidifying  properties,  and 
though  they  can  form  acids  by  combining  with  other  bodies,  we 


••  This  composition  of  acetic  acid  does  not  differ  sensibly  from  that  of  isoody 
matter,  which  does  not  possess  any  acid  characters.  Here,  then,  are  two  bodies 
composed  of  Ciirbon,  oxygen,  and  hydrogen,  in  the  same  proportions,  whose  pro- 
perties are  strikingly  different.  This  is  a  new  proof  that  the  arrangement  of  th^ 
molecules  in  acompound  has  the  greatest  influence  on  the  acid,  alkaline,  or  neut  ii 
characters  of  the  compound.  Sugar,  gum,  and  starch,  lead  to  the  same  conclu- 
siou6;  for  these  substances,  though  composed  of  identic  elements,  and  in  the  same 
■proportion,  have  very  different  properties. 
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ought  not  at  present,  considering  the  small  number  of  acids  which 
they  form,  and  whose  existence  even  is  not  sufficiently  established,  to 
be  in  a  hurry  to  form  these  acids  into  particular  sets.  We  ought  to 
be  so  the  less  because  there  are  bodies,  as  carbon,  which  are  acidi- 
fied by  oxygen,  and  which  in  their  turn  acidify  other  bodies.  Be- 
sides these  considerations  which  I  have  oftered  on  acidity,  showing 
that  it  is  not  proportional  in  an  acidified  body  to  the  quantity  of  the 
acidifying  principle,  and  that  it  is  greatly  modified  by  the  arrange- 
ment of  the  molecules,  it  is  necessary  to  wait  till  experiment  has 
furnished  us  with  more  light  before  pronouncing  on  its  true  cha- 
racters, and  on  the  circumstances  wliich  produce  it.  We  know, 
indeed,  that  acids  and  acidifying  bodies  have  an  electric  energy 
which  is  negative  with  respect  to  that  of  the  alkalies  and  the  alkali- 
fying  bodies.  But  this  is  not  sufficient;  and  we  are  still  far  from 
being  able  to  assign  from  the  electric  energies  of  compounds,  if  the 
character  of  their  compound  ought  to  be  neutral,  acid,  or  alkaline. 
Thus  silver  having  a  very  weak  affinity  for  oxygen,  it  would  seem 
that  it  ought  to  approach  it  by  the  nature  of  its  electric  energy;  and 
yet  the  oxide  of  silver,  in  which  I  have  found  a  small  degree  of 
solubility,  is  very  alkaline,  for  it  completely  neutralizes  the  acids  ; 
and  azote,  which  appears  to  approach  oxygen,  chlorine,  and  iodine, 
forms  a  very  weak  compound  with  hydrogen,  though  this  last  pos- 
sesses a  very  great  positive  electric  energy.  We  have  more  and 
more  reason,  then,  to  admit  that  the  neutral,  acid,  or  alkaline, 
character  of  a  compound  does  not  depend  entirely  upon  the  cha- 
racters of  its  constituents,  but  likewise  upon  their  proportions  in 
volume,  and  their  condensation  j  or,  in  other  words,  upon  the 
arrangement  of  their  molecules. 

Additions. 

I  have  said,  vol.  v.  p  106,  that  on  passing  water  and  iodine  in  vapour 
through  a  porcelain  tube  at  a  red  heat,  no  oxygen  was  disengaged, 
and  consequently  that  the  water  was  not  decomposed  by  the  iodine. 
The  same  experiment  repeated  afterwards  a  second  time  gave  me 
the  same  result,  that  is  to  say,  that  1  obtained  no  oxygen.  Never- 
theless, the  consequence  which  I  drew  from  it  is  not  exact,  as  I  shall 
now  show.  M.  Ampere  having  exposed  during  several  months  a 
solution  of  iodine  in  water  to  the  action  of  solar  light,  observed  that 
it  was  entirely  freed  from  colour,  and  requested  me  to  examine  what 
could  be  the  cause  of  this  phenomenon.  We  ascertained  that  the 
water  contained  a  mixture  of  iodic  acid  and  hydriodic  acid  in  very 
small  proportions  :  and  on  letting  fall  into  it  some  drops  of  sulphuric 
acid  or  solution  of  chlorine,  the  water  assumed  an  orange-browa 
colour,  and  gave  out  the  peculiar  odour  of  iodine.  Sulphurous  acid 
did  not  colour  it ;  but  hydro-sulphuric  acid  rendered  it  milky,  on 
account  of  the  sulphur  which  precipitated.  These  experiments  de 
monstrate  evidently  the  presence  of  hydriodic  and  iodic  acids  in  tlie 
olution  of  iodine  under  examination  ;  and  we  imitated  it  by  mixing 
together  very  dilute  solutions  of  tliesc  two  acids.    The  only  conse- 
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quence  wlucli  we  can  deduce  from  this  fact  is,  that  water  was  de- 
composed. Its  oxygen  formed  with  iodine  iodic  acid,  and  its 
hydrogen  hydriodic  acid.  But  the  quantity  of  the  two  acids  which 
can  exist  together  in  solution  in  water  is  subordinate  to  this  condi- 
tion, that  when  they  are  concentrated  to  a  certain  degree  they  de- 
compose one  another. 

As  we  can  in  general  substitute  a  certain  elevation  of  tempera- 
ture for  solar  light,  I  made  a  mixture  of  vapour  of  iodine  and 
water  pass  again  through  a  red-hot  porcelain  tube,  and  I  attentively 
examined  the  products.  No  gas  passed  ;  and  the  water  condensed 
had  the  same  intensity  of  colour  with  cold  water  saturated  with 
iodine.  I  heated  it,  in  order  to  deprive  it  of  its  colour,  and  I  suc- 
ceeded. This  water,  which  had  no  smell,  and  no  action  on  litmus 
any  more  than  the  water  obtained  by  M.  Ampere,  had  likewise  all 
the  characters  of  it,  and  I  easily  recognized  in  it  the  presence  of 
iodic  and  hydriodic  acids.  As  before  being  discoloured  by  heat  it 
had  exactly  the  appearance  of  a  cold  solution  of  iodine,  I  thought 
that  both  might  be  similar.  To  verify  this  suspicion,  I  slightly 
heated  a  cold  solution  of  iodine,  in  order  to  deprive  it  of  its  colour, 
an  effect  which  may  equally  be  produced  by  exposing  it  to  the  air. 
It  then  presented  exactly  the  same  characters  as  a  solution  of  iodine 
which  had  been  made  colourless  by  long  exposure  to  light,  and  as 
that  which  I  had  obtained  by  passing  water  and  iodine  through  a 
red-hot  tube,  and  rendered  colourless  by  boiling.  None  of  these 
solutions  was  coloured  by  sulphurous  acid ;  but  all  of  them  were 
coloured  by  chlorine.  This  is  because,  on  the  one  hand,  the 
hydriodic  and  iodic  acids  exist  in  them  in  very  small  quantity ;  and 
because  on  the  other  there  is  five  times  as  much  iodine  in  the  first 
acid  as  in  the  second.  I  have,  however,  succeeded  in  rendering  the 
solution  of  the  two  acids  coloured  by  sulphurous  acid,  by  first  satu- 
rating with  ammonia,  and  then  concentrating  by  evaporation. 

It  follows  from  these  observations  that  when  iodine  is  in  contact 
with  water  it  decomposes  this  liquid,  and  produces  with  its  elements 
iodic  and  hydriodic  acids.  This  action  of  iodine  on  water  appears 
to  me  entirely  independent  of  the  solar  light :  and  when  a  solution 
of  iodine  is  deprived  of  its  colour  by  exposure  to  light  for  some 
months,  as  in  tlie  experiment  of  M.  Ampere,  I  ascribe  the  effect  to 
the  gradual  evaporation  of  the  iodine.  It  appears  to  me  probable 
that  iodine  is  dissolved  in  water  only  by  the  action  of  the  hydriodic 
acid,  which  is  formed  at  the  same  time  that  the  solution  takes  place. 
But  I  have  already  remarked  that  we  do  not  succeed  in  depriving 
hydriodic  acid  holding  iodine  in  solution  of  its  colour  by  boiling, 
while  we  easily  do  so  to  water  which  has  been  in  contact  with  this 
substance.  I  presume  that  in  this  last  case  the  hydriodic  acid  exer- 
cising some  part  of  its  action  on  the  iodic  acid,  retains  the  iodine 
with  less  energy,  and  of  course  lots  it  be  disengaged  with  more 
facility. 

I  have  ascertained  that  on  exposing  to  light  a  solution  of  chlorine 
in  water,  chloric  acid  is  produced. 
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Mutual  Decomposition  of  the  lodate  and  Hydriodate  of  Zinc. 

In  speaking  of  the  action  of  the  alkaline  oxides  on  iodine  by  means 
of  water,  I  was  led  to  conclude  (vol,  v.  p.  '^02)  that  if  we  cannot 
form  hydriodates  and  iodates  with  the  oxides  of  zinc,  iron,  &c. 
the  reason  is,  that  these  oxides  do  not  sufficiently  condense 
hydriodic  and  iodic  acids  to  prevent  them  from  acting  on  and  de- 
composing each  other.  I  have  since  verified  this  consequence,  by 
mixing  iodate  of  potash  with  a  solution  of  sulphate  and  hydriodate 
of  zinc.  Though  the  solution  of  these  different  substances  was  not 
sufficiently  concentrated'  to  allow  sulphate  of  potash  to  be  deposited, 
we  may  however  admit,  on  account  of  the  facility  of  the  changes 
that  take  place  in  the  solution  of  different  salts,  that  (he  phenomena 
ought  to  be  the  same  as  if  we  had  mixed  directly  hydriodate  of  zinc 
with  the  iodate  of  the  same  metal.  The  result  was,  that  there  gra- 
dually deposited  in  the  solution  of  these  three  bodies,  oxide  of  zinc 
which  appeared  to  me  pure,  and  iodine  well  crystallized,  and  the 
solution  which  contained  hydriodate  of  zinc  in  excess  M'as  verv 
strongly  coloured.  These  results  can  only  be  explained  by  supposing 
that  the  acid  of  the  hydriodate  of  zinc,  and  that  of  the  iodate  of 
the  same  metal,  supposed  to  exist  in  the  solution,  have  mutually 
decomposed  each  other,  and  produced  water  and  iodine,  and  that 
the  oxide  of  zinc  held  in  solution  by  these  acids  precipitated  after 
their  destruction. 

On  the  Nomenclature  of  the  Comlinalions  of  Iodine  and  Chlorine 

ivith  other  Bodies. 

It  may  be  asked  why,  instead  of  calling  the  compound  of  iodine 
and  potassium  ioduret  of  potassium,  I  did  not  call  it  polassuret  of 
iodine.  I  observe,  in  the  first  place,  that  the  combinations  of  sul- 
phur with  the  metals  having  the  name  of  sulphurets,  those  of  chlo- 
rine and  iodine  ought  from  analogy  to  receive  the  names  of  chlo- 
rurets  and  iodurets.  But  to  apply  in  general  with  certainty  the 
generic  termination  tiret,  I  have  taken  for  a  principle  to  give  it  to 
that  of  the  elements  of  a  binary  compound  which  has  the  greatest 
affinity  for  hydrogen,  and  which  combines  with  it  when  the  com- 
pound produces  the  decomposition  of  water.  According  to  this 
principle,  1  call  the  compounds  of  chlorine  with  sulphur  and  azote, 
chlmuret  of  sulphur,  chloruret  of  azote ;  those  of  iodine  with  azote 
and  potassium,  ioduret  of  azote,  ioduret  of  potassium  ;  chloruret  of 
iodine,  the  compound  of  chlorine  and  iodine ;  and  sulphuret  of 
carbon,  ioduret  of  phosphorus,  the  combinations  cf  sulphur  with 
carbon  and  iodine  with  phosphorus. 

On  Ammonia  comidered  as  an  Oxide. 

Dr.  Berzelius  has  concluded  from  his  researches  that  ammonia 
contains  oxygen,  because  in  its  combinations  with  acids  it  follows 
the  same  law  as  the  metallic  oxides.  This  conclusion  is  not  neces- 
sary ;  for  from  the  observation*  which  I  have  presented,  an  alkali  is 
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in  general  a  substance  which,  by  the  nature  of  its"  energy,  and  the 
ai'rangement  of  its  molecules,  is  capable  of  combining  with  acids, 
and  of  neutralizing  them.  I  have  observed,  likewise,  that  we  ought 
to  consider  azote  as  approaching  by  its  properties  the  nature  of 
oxygen,  chlorine,  iodine,  and  that,  like  them,  it  may  acidify  a  cer- 
tain class  of  bodies.  But  all  acidifying  substances  may,  as  well  as 
oxygen,  when  they  combine  with  alkalitying  substances  in  proper 
proportions,  form  salifiable  bases.  Of  course,  ammonia  ought  to 
be  considered  as  a  particular  alkali,  in  wliicii  azote  performs  the 
function  of  oxygen  in  the  other  alkalies.  1  consider,  in  the  same 
wav,  car])on  in  fatty  bodies,  and  particularly  in  the  margarine  of 
Chevreuil,  as  perforn'.iiig  the  function  of  oxygen  in  the  acids;  and  I 
consider  it  in  alcohol  as  performing  the  function  of  oxygen  in 
the  oxides.  I  shall  observe,  that  since  the  printing  of  the  article  in 
which  1  treat  of  hydriodic  ether,  1  have  ascertained  the  density  of 
its  vapour,  and  found  that  it  does  not  coincide  with  that  given  by 
calculating  on  the  supposition  that  the  ether  is  a  compound  of  the 
vapour  of  absolute  alcohol  and  hydriodic  acid.  As  the  same  thing 
holds  with  hydro-chloric  ether,  the  density  of  which  found  by  expe- 
riment is  different  from  that  found  by  calculating  it  as  a  compound 
of  the  vapour  of  absolute  alcohol  and  hydro-chloric  acid  ;  it  appears 
to  me  very  proba!)le  that  the  alcohol,  which  may  be  considered  as 
composed  of  equal  volumes  of  the  vapour  of  water  and  olefiant  gas 
condensed  into  one  volume,  changes  its  nature  on  combining  with 
the  acids.  I  hope  to  be  able  to  throw  light  on  this  subject  in  9. 
raenioir  on  vapours,  which  I  propose  soon  to  publish. 


Article  VI. 

Erper'nnenti  on  Tungiten,  and  its  Comhinations  with  Oxygen,  Am- 
■nionia,  and  otlier  Snbatances,  to  determine  the  Accuracy  of  pre- 
ceding Researches,  and  to  promote  our  Knouledge  of  this  Sub'- 

■ '  sjancc.     By  Professor  Bucholz.* 

Introduction. 

Some  time  has  elapsed  since  I  formed  the  resolution  of  making  a 
jict  of  experiments  on  tungsten,  its  oxides,  and  their  combinations, 
in  order  to  vci  ify  the  accuracy  of  preceding  researches  on  this  sub- 
stance, and  in  order  to  promote  our  knowledge  of  its  nature  and 
properties.  I  was  in  a  situation  to  make  these  experiments  in  con- 
sequence of  a  considerable  stock  of  wolfram  and  Scheele's  tungstic 
acid  with  which  I  was  furnished,  and  for  which  I  have  chiefly  to 
thank  the  goodness  of  my  friend  Dr.  Haberle.     This  resolution  was 

■-•  Translated    from    Schweiggcr's    Neues    Journal    fvir  Chcmic  und    Physik, 
VQi.  iii.   (I.  I . 
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rendered  still  stronger  in  consequence  of  a  conversation  which  I  had 
with  the  celebrated  naturalist  Professor  Steffens,  of  Halle,  who 
seemed  to  doubt  the  accuracy  of  the  statements  respecting  the  great 
specific  gravity  of  tungsten.  The  following  dissertation  contains 
my  experiments  and  their  results  as  far  as  the  time  I  had  would  allow 
me  to  follow  them  up.     The  continuation  of  them  will  follow. 

(A.) 

Experiments  on  the  lest  Method  of  forming  Tungstic  Acid,  or  rather 
Tungstate  of  Ammonia. 

As  my  object  in  these  experiments  was  in  the  first  place,  for  very 
obvious  reasons,  directed  towards  the  reduction  of  tungsten,  and  as 
I  wanted  to  verify  the  statement  of  Allen  and  Aikin  that  this  metal 
may  be  fully  melted  by  the  application  of  a  violent  heat  to  tungstate 
of  ammonia,  on  that  account  my  first  care  was  to  discover  a  conve- 
nient method  of  obtaining  a  sufficient  quantity  of  tungstate  of  am- 
monia. It  was  quite  natural  to  try  in  the  first  place  Scheele's  tung- 
stic acid,  composed  of  oxide  of  tungsten,  potash,  and  muriatic  acid^ 
because  I  had  a  considerable  stock  of  it  in  my  possession. 
y  Exper,  1 . — With  a  view  to  the  statement  of  several  chemists, 
who  affirm  that  in  order  to  form  pure  tungstate  of  ammonia  it  is 
necessary  to  separate  the  pure  yellow  oxide  of  tungsten  from 
Scheele's  tungstic  acid  by  digestion  in  nitric  acid,  I  made  the  fol- 
lowing experiment : — Two  ounces  of  the  triple  compound  of  tung- 
stic oxide,  potash,  and  muriatic  acid,  were  triturated  with  eight 
ounces  of  pure  nitric  acid  of  the  specific  gravity  1*200  ;  and  being 
put  into  a  glass  vessel  capable  of  holding  IG  oz.  of  water,  were, 
boiled  for  six  hours,  and  during  that  time  were  frequently  agitated. 
This  process  was  very  difficult,  because  the  salt  and  oxide  settling 
at  the  bottom  of  the  vessel  occasioned  a  continual  knocking  of  the 
vapour,  and  by  that  means  the  acid  was  sputtered  about.  The  oxide 
obtained  by  this  process  was  very  light  yellow,  without  the  least 
shade  of  lemon.  This  entitled  me  to  conclude  that  the  triple  salt 
^ad  not  been  completely  decomposed.  To  obtain  a  more  complete 
decomposition,  the  whole  was  poured  into  a  porcelain  dish,  and 
evaporated  on  the  sand-bath  to  the  consistence  of  a  syrup,  being 
constantly  stirred  during  the  whole  process  by  a  porcelain  spatula. 
The  whole  was  then  diluted  with  1'2  oz.  of  water,  and  after  re- 
tnaining  at  rest  for  24  hours,  the  milky  solution  was  separated  from 
the  heavy  yellow  oxide.  This  oxide  was  treated  ir  the  same  way 
again  in  the  porcelain  dish  with  6  oz.  of  nitric  acid.  The  oxide 
obtained  in  this  manner,  and  three  times  washed  witii '»  oz.  of  water^ 
was  considered  by  me  as  pure.  When  dried,  and  heated  to  redness, 
it  assumed  a  light  yellow  colour,  and  weighed  13  drams.  After 
several  weeks,  90  gr.  of  the  same  oxide  precipitated  from  the  milky 
liquid. 

With  this  oxide  the  following  experiment  was  made. 

Exper.  2.— 300  gr.  of  the  tungstic  oxide  which  had  be§n  heated 
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to  redness,  and  was  of  a  light  lemon-yellow  colour,  were  digested 
for  some  time  witli  a  warm  solution  of  concentrated  caustic  am- 
monia. In  about  an  hour  the  mixture  was  raised  to  the  boiling 
temperature  ;  but  1  did  not  by  this  means  obtain  a  complete  solu- 
tion. Tlie  mixture  was  allowed  to  remain  at  rest  for  some  time; 
and  by  this  means  the  liquid  was  separated  from  the  undissolved 
yellowish-grey  oxide,  and  carefully  evaporated  in  a  porcelain  bason. 
By  this  means  I  obtained  47  gr.  of  a  pea-coloured,  foliated,  brilliant 
mass,  easily  separated  from  the  porcelain  vessel,  and  possessing  a 
hot  bitter  taste.     It  was  tungstate  of  ammonia. 

This  result  was  quite  contrary  to  my  expectation,  and  to  the 
assertion  of  other  chemists,  according  to  whom  pure  tungstic  oxide 
is  very  easily  soluble  in  ammonia.  This  required  a  further  exami- 
nation of  the  residuum  which  was  insoluble  in  ammonia. 

Expsr.  3. — This  residuum  was  treated  with  8  oz.  of  caustic  am- 
monia, in  the  same  manner  as  above  related;  after  which  the  liquid 
part  was  separated  from  the  solid  powder,  which  still  had  a  very 
grey  appearance.  By  evaporation  the  solution  deposited  only  27  gr. 
of  a  salt  having  the  same  colour  as  in  the  preceding  experiment,  of 
a  pulverulent  appearance,  and  having  a  sharp  bitter  taste. 

Exper.  4. — As  I  conjectured  that  the  tungstic  oxide  was  some- 
what deoxidized  by  t)ie  ammonia,  and  thereby  rendered  grey,  I 
tried,  by  exposing  it  to  a  red  heat,  to  bring  this  oxide  back  to  its 
original  state,  and  to  obtain  a  greater  proportion  of  it  dissolved  in 
ammonia.  1  found  that  by  this  treatment  the  grey  oxide  again 
assumed  a  yellow  colour,  and  amounted  now  to  only  230  gr.  With 
tiiis  powder  the  following  experiment  was  made. 

Exper.  5. — 100  gr.  of  the  same  oxide  were  mixed  with  4  oz.  of 
caustic  ammonia,  and  the  mixture  was  digested  for  12  hours  in  a 
very  moderate  heat,  being  often  agitated  during  the  digestion.  The 
liquid  part  was  then  allowed  to  separate  from  the  undissolved  por- 
tion, and  decanted  off.  This  solution  by  evaporation  yielded  55  gr. 
of  a  white  powder,  which  had  a  hot  and  bitter  taste,  and  possessed 
the  properties  of  tungstate  of  ammonia.  The  yellowish-grey  colour 
of  the  undissolved  residuum  showed  that  even  in  this  case,  notwith- 
standing the  very  m.oderate  heat  of  the  ammonia,  a  commencement 
of  deoxidation  had  taken  place. 

Exper.  G. — The  solid  residue  of  the  preceding  experiment  was 
treated  in  tlie  same  way  once  more  with  4  oz.  of  caustic  ammonia, 
and  the  liquid  portion  separated  from  the  undissolved  powder,  which 
had  a  light  grey  colour.  This  solution,  when  evaporated,  gave  11 
gr.  of  a  pea-yellow  powder,  which  was  tungstate  of  ammonia,  and 
possessed  the  same  taste  as  that  obtained  in  the  preceding  experi- 
ments. I  could  not  in  this  case  determine  the  quantity  of  matter 
that  had  remained  undissolved,  because  a  portion  of  it  had  been 
lost. 

The  result  of  these  experiments  shows  us  that  our  tungstic  oxide, 
after  being  exposed  to  a  red  heat,  is  with  difficulty  soluble  in  caustic 
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ammonia,  and  that  by  the  action  of  that  alkali  it  undergoes  a  partial 
deoxidizement.  I  resolved,  therefore,  to  make  experiments  on  the 
solubility  of  our  oxide  in  carbonate  of  ammonia. 

Exper.  7. — 100  gr.  of  the  oxide  rendered  yellow  in  experiment 
4th  were  heated  with  a  mixture  of  half  an  ounce  of  subcarbonate  of 
ammonia  and  2  oz.  distilled  water,  and  the  mixture  was  frequently 
agitated.  A  few  air  bubbles  made  their  escape.  The  wliole  being 
kept  almost  boiling  hot  for  two  hours,  the  undissolved  powder  in 
this  case  also  became  grey. 

The  clear  solution  deposited  on  evaporation  BQ  gr.  of  tungstate 
of  ammonia,  liaving  a  white  colour,  a  sliarp  and  bitter  taste,  and 
not  effervescing  when  dropped  into  muriatic  acid ;  showing  that  it 
contained  no  carbonic  acid.     The  dried  residue  weighed  48  gr. 

Exper.  8. — The  48  gr.  of  residue  in  the  preceding  experiment 
were  kept  in  a  red  beat  for  an  hour  in  contact  with  the  atmosphere. 
By  this  treatment  it  again  assumed  a  light  lemon-yellow  colour. 
35  gr.  of  it  were  mixed  with  half  an  ounce  of  subcarbonate  of 
ammonia  and  2  oz.  of  water,  and  the  mixture  was  agitated  for  some 
liours,  being  kept  warm  all  the  time.  A  lively  effervescence  took 
place  at  first.  The  whole  was  then  gently  boiled  for  one  hour,  and 
the  liquid  portion  separated  from  the  grey  oxide  by  the  filter.  By 
evaporating  the  liquul,  20  gr.  of  a  light  reddish-grey  powder  were 
obtained,  which  had  a  sharp  bitter  taste.  The  undissolved  grey 
oxide  weighed  18  gr. 

From  these  experiments  with  subcarbonate  of  ammonia,  we  see 
that  there  exists  the  same  difficulty  of  solution,  and  the  sanoe  de- 
oxidizement, when  tungstic  oxide  is  treated  with  carbonate  of  am- 
monia. But  as  these  experiments,  as  well  as  the  preceding,  with 
caustic  ammonia,  contradict  those  of  other  chemists,  as  Scheele, 
Bergman,  Klaproth,  Richter,  &c.  respecting  the  solubihty  of  tung- 
stic oxide  in  ammonia,  1  conceived  that  further  experiments  were 
necessary  in  order  to  clear  up  this  discordance. 

Exper.  y. — A  small  portion,  therefore,  of  tungstate  of  ammonia 
was  converted  into  yellow  oxide  of  tungsten  by  digestion  in  concen  > 
trated  muriatic  acid,  washing  it  in  a  sufficient  quantity  of  water, 
and  drying  it  strongly,  but  without  exposing  it  to  a  red  heat.  10  gr. 
of  this  oxide  were  mixed  with  two  drams  of  the  solution  of  caustic 
ammonia.  The  whole  was  dissolved  immediately  without  the  assist- 
ance of  heat.  The  old  observations  of  preceding  chemists  were 
confirmed  by  this  experiment. 

Exper.  10. — In  order  to  obtain  a  larger  quantity  of  tungstic  oxide 
not  dried  in  a  red  iieat,  and  therefore  soluble  in  ammonia,  3  oz.  of 
Scheele's  tungstic  acid  were  kept  boiling  for  an  hour  in  G  oz.  of  the 
same  nitric  acid  whicii  1  employed  in  the  preceding  experiments  in 
a  porcelain  dish  upon  a  sand-bath,  and  during  the  whole  time  the 
mixture  was  constantly  stirred  with  a  porcelain  pestle.  The  whole 
was  then  evaporated  to  dryness  in  a  moderate  heat.  The  oxide 
obtained  by  this  process  was  of  a  full  lemon-yellow  colour.  A  por- 
tion of  this  being  washed  with  water,  and  gently  dried,  dissolved 
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immediately  in  aiiunonia,  with  the  exception  of  a  very  small  portion 
of  a  light  white  substance  in  powder. 

This  success  excited  in  me  the  strongest  hopes  of  succeeding  in 
iny  object  by  this  method,  and  led  me  to  su"spect  that  in  all  proba- 
bility the  tungstic  oxide  had  been  rendered  insoluble  in  ammonia 
by  exposing  it  to  a  red  heat.  I  resolved  to  prove  the  truth  of  this 
conjecture  in  the  following  way. 

Tlie  tungstic  oxide  obtained  by  the  preceding  process  was  well 
washed  twice  successively,  each  time  with  '2A  oz.  of  water,  and  by 
that  means  freed  from  the  saltj^etre  formed  during  the  process,  and 
from  the  excess  of  acid,  and  obtained  in  a  state  of  purity.  When 
collected  on  the  filter,  and  well  dried,  it  weighed  2  oz.  2  dr.  The 
liquid  retained  a  portion  of  oxide  so  light,  and  in  a  state  of  such 
fine  division,  that  it  could  not  be  retained  upon  the  filter,  but  passed 
through  it  how  many  times  soever  it  was  filtered.  This  yellowish 
milky  liquid,  being  set  aside  for  three  months,  allowed  the  oxide 
gradually  to  subside.     When  collected  and  dried,  it  weighed  2  dr. 

With  this  oxide,  which  had  a  lemon-yellow  colour  passing  into 
yolk  of  egg  colour,  the  following  experiments  were  made,  in  order 
to  determine  its  solubility  in  caustic  ammonia. 

Exper.  11. — Two  ounces  of  pure  caustic  ammonia,  of  the 
strength  which  it  has  when  prepared  according  to  the  formula  given 
by  me  in  the  Almanac  for  Chemists  and  Apothecaries  of  ]  803, 
p.  20,  were  put  in  contact  with  the  whole  of  our  dry  tungstic  oxide. 
1  oz.  and  20  gr.  dissolved  in  the  ammonia,  or  were  at  least  con- 
verted into  a  white  pulverulent  matter. 

From  the  phenomena  it  was  evident  that  a  much  greater  propor- 
tion of  the  oxide  would  have  dissolved,  or  been  converted  into  a 
white  powder,  by  the  quantity  of  ammonia  employed,  more  pro- 
bably than  all  that  I  had  in  my  possession.  I  determined,  therefore, 
to  ascertain  in  another  experiment  upon  a  smaller  scale  the  capacity 
of  ammonia  in  dissolving  tungstic  oxide,  or  converting  it  into  a 
white  powder. 

In  the  mean  time  I  separated  by  the  filter  the  white,  light,  slimy 
matter,  which  existed  in  the  amnioniacal  solution.  It  was  washed 
on  the  filter  with  li  oz.  of  caustic  ammonia,  and  then  dried.  Its 
weight  amounted  to  80  gr.  It  exhibited  the  properties  of  a  qua- 
druple compound  of  ammonia,  potash,  tungstic  oxide,  and  muriatic 
acid,  with  some  oxide  of  iron  and  silica  from  which  the  tungstic 
oxide  had  not  been  freed.  The  ammoniacal  solution  was  evaporated 
to  dryness  in  a  porcelain  vessel.  300  gr.  of  tungstate  of  ammonia 
were  obtained,  though  by  an  unlucky  accident  a  third  part  of  the 
solution  had  been  lost. 

Exfier.  12. — 50  gr.  of  a  solution  of  caustic  ammonia  were 
brought  in  contact  with  80  gr.  of  oxide  of  tungsten.  The  mixture 
became  stiff;  and  it  was  with  difficulty  that  some  remains  of  the 
yellow  oxide  could  be  perceived  mixed  with  the  white  mass.  By 
agitation  in  a  considerable  quantity  of  water,  and  still  better  by  the. 
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addition  of  a  little  ammonia,  this  portion  is  dissolved.  This  solu- 
tion being  poured  upon  a  filter,  12  gr.  of  a  white  matter  were  ob- 
tained, similar  in  its  nature  to  the  substance  described  in  the  last 
experiment.  The  ammoniacal  solution,  being  evaporated,  yielded 
83  gr.  of  dry  tungstate  of  ammonia. 

Exper.  13. — A  portion  of  the  yellow  oxide  of  tungsten  which 
had  not  been  heated  to  redness  was  kept  for  half  an  hour  in  a  mo- 
derate red  heat,  by  which  its  colour  was  changed  into  light  yellow. 
60  gr.  of  this  oxide  being  agitated  with  1  oz.  of  caustic  ammonia 
exhibited  the  sa,me  phenomena  as  the  oxide  did  in  the  1st,  2d,  3d, 
4th,  5th,  6th,  and  7^^?  experiments;  that  is  to  say,  it  dissolved 
with  difficulty,  and  when  heated  became  grey. 

From  these  last  experiments,  compared  witli  the  preceding  ones, 
we  may  consider  the  following  propositions  as  established  :  — 

1.  That  the  difficult  solubility  in  ammonia  of  tlie  oxide,  after  it 
has  been  heated  to  redness,  is  owing  to  a  portion  of  the  triple  com- 
pound of  oxide,  potash,  and  muriatic  acid,  vvhich  still  remains  un- 
decomposed,  entering  into  an  intimate  combination  with  the  pure 
oxide,  the  parts  of  which  cohere  so  strongly  together,  that  the  am- 
monia makes  its  way  through  them  with  difficulty  in  order  to  dis- 
solve the  pure  oxide. 

2.  That  when  the  triple  compound  of  yellow  oxide,  potash,  and 
muriatic  acid,  is  treated  with  nitric  acid,  only  an  imperfect  separa- 
tion of  the  potash  and  muriatic  acid  is  produced ;  so  that  a  pure 
yellow  oxide  of  tungsten  cannot  be  obtained  by  this  method.  This 
will  appear  hereafter  in  a  still  more  striking  point  of  view,  from 
other  experiments  which  I  shall  state.  Among  others,  I  treated  the 
triple  compound  six  times  successively  with  eight  times  its  weight 
of  nitric  acid,  and  yet  I  was  not  able  to  obtain  any  pure  oxide.  A 
result  by  which  the  experiments  of  other  chemists,  particularly  of 
Richter,  are  confirmed. 

Perhaps  the  formula  given  by  the  last-mentioned  cliemist  for 
obtaining  pure  oxide  of  tungsten  from  wolfram,  might  be  employed 
with  advantage,  when  once  it  has  been  established  by  further  expe- 
riments that  we  obtain  by  it  an  oxide  really  free  from  lime.  This  I 
expect  to  be  able  to  prove  hereafter. 

Richter's  process  is  contained  in  the  sixth  volume  of  the  Chemical 
Dictionary  of  Bourguet  continued  by  Richter,  p.  188,  and  is  as 
follows : — One  part  of  wolfram  in  fine  powder  is  melted  with  three 
or  four  parts  of  nitre,  till  the  mass  flows  quietly.  The  potash  con- 
taining tungstic  oxide  thus  obtained,  which  may  likewise  be  obtained 
by  my  method,  by  fusing  one  part  of  wolfram  and  two  parts  car- 
bonate of  potash,  is  dissolved  in  12  or  15  times  its  weight  of  water, 
and  freed  by  filtration  from  the  oxides  of  iron  and  manganese.  The 
colourless  solution  is  now  mixed  with  a  very  weak  solution  of  mu- 
riate of  lime,  which  is  added  as  long  as  any  precipitate  falls.  The 
tungstate  of  lime  thus  obtained  is  carefully  washed,  and  treated 
while  still  moist  with  nitric  or  muriatic  acid.  By  this  means  the 
oxide  of  tungsten  is  at  once  freed  from  lime,  and  obtained  in  u  state 
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of  purity.     It  is  io  be  washed,  and  gently  dried,  upon  whicii  it 
assumes  a  fine  yellow  colour. 

3,  In  order  to  obtain  pure  tungstate  of  ammonia,  it  is  necessary 
to  have  in  our  possession  pure  oxide  of  tungsten.  Respecting  this 
also  further  details  will  be  given  hereafter. 

(B.) 

Experiments  on  the  best  Method  of  ohtaining  Tungsten  from  Tung- 
stic  Oxide  ly  mearis  of  Tufigstate  of  Ammonia. 

Exper.  14. — 30  gr.  of  the  tungstate  of  ammonia  formed  in  the 
first  experiment  by  treating  the  impure  oxide  of  tungsten  that  had 
been  exposed  to  a  red  heat  with  ammonia  were  put  into  a  small 
glass,  which  was  placed  in  a  crucible,  and  surrounded  with  charcoal 
powder.  The  whole  was  exposed  for  an  hour  to  a  strong  red  heat. 
The  interior  of  the  glass,  when  cold,  exhibited  a  brownish  red, 
almost  copper-coloured,  matter,  of  a  flocky  appearance,  and  con- 
siderably specific  gravity.  I  could  only  consider  it  as  a  peculiar 
oxide  of  tungsten,  which  hitherto  had  not  been  observed  by  che- 
mists. 

The  brown  oxide  thus  obtained  was  put  into  a  Hessian  crucible 
Tubbed  over  with  some  charcoal  powder.  Charcoal  powder  was  laid 
over  the  oxide,  and  the  crucible,  being  covered  by  another,  was 
exposed  for  half  an  hour  to  a  strong  white  heat  raised  by  a  double 
bellows.  When  the  crucible  was  cold,  the  brown  oxide  appeared 
to  have  been  converted  into  a  loose  pretty  heavy  substance,  which 
here  and  there  exhibited  the  metallic  lustre,  and  had  an  iron-grey 
colour.  When  strongly  rubbed  and  polished  against  hard  and 
smooth  bodies,  its  metallic  lustre  became  still  more  distinct,  and  its 
colour  was  intermediate  between  that  of  iron  and  tin.  The  grains 
were  slightly  agglutinated  together,  and  the  portion  that  lined  the 
sides  of  the  crucible  appeared  to  be  so  more  distinctly  than  the  rest. 
This  reguline  mass  seemed  to  have  been  softened,  and  showed  evi- 
dently that  a  stronger  heat  than  the  preceding  would  have  melted 
it  completely.  To  see  whether  it  was  possible  to  fuse  it,  the  fol- 
lowing experiment  was  made. 

Exper.  15. — 20  gr.  of  the  iron-grey  metal  mass  were  put  into  a 
crucible  lined  with  charcoal  powder,  as  in  the  preceding  experi- 
ment, covered  with  a  layer  of  charcoal  powder  half  an  inch  thick, 
and  then  exposed  for  an  hour  to  the  strongest  heat  that  could  be 
raised  in  the  blast  furnace.  No  real  fusion  took  place,  but  a  kind 
of  cementation  into  a  mass  which  was  easily  reduced  to  powder,  and 
this  union  seemed  to  be  strongest  along  the  sides  of  the  crucible. 
The  colour,  appearance,  and  every  thing  else,  were  as  in  the  pre- 
ceding experiment. 

It  follows  from  these  experiments  that  tungstate  of  ammonia, 
when  destroyed  by  a  red  heat,  leaves  behind  it  a  reddish  brown 
oxide,  and  that  this  oxide  is  deoxidized  by  charcoal  powder  long 
before  the  metal  produced  is  melted. 

Exper.  16.— 130  gr.  of  tungstate  of  ammonia  of  the  same  kind 
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as  that  employed  in  the  preceding  experiments,  were,  as  in  experi- 
ment 14,  exposed  to  a  strong  red  heat  for  an  hour  in  a  glass  sur- 
rounded with  charcoal  in  a  crucible.  The  result  differed  little  from 
that  obtained  in  the  14th  experiment.  The  mass  which  remained 
behind  after  the  process  weighed  100  gr.,  and  had  the  following 
properties.  When  spread  upon  a  leaf  of  paper,  that  portion  of  it 
which  had  been  in  contact  with  tiie  charcoal  appeared  grey  or  me- 
tallic. In  the  middle  it  was  dark  brownish  red,  passing  into  reddish 
brown,  and  almost  the  fourth  part  of  the  mass  was  of  a  fine  violet 
colour  below,  owing  probably  to  a  mixture  of  dark  blue  and  brownish 
red  oxide. 

88  gr.  of  this  mass,  or  as  much  as  the  portion  of  brown  oxide 
amounted  to,  were,  as  in  the  I4tli  experiment,  rammed  into  a 
small  Hessian  crucihle,  and  exposed  to  the  strongest  heat  of  a  blast 
furnace  for  an  hour  and  a  half.  The  result  of  this  operation  was  as 
follows.  The  oxide  of  tungsten  was  completely  reduced,  but  was 
not  in  the  state  of  a  button,  or  in  large  grains,  but  in  small  grains, 
as  fine  as  sand,  having  a  strong  metallic  lustre,  a  light  iron-grey 
colour,  and  slightly  agglutinated.  The  weight  amounted  to  75  gr. 
A  few  pieces  of  a  larger  size  were  to  be  found  among  this  sand ; 
they  consisted  of  the  portions  that  had  adhered  to  the  sides  and 
bottom  of  the  crucible. 

The  metal  obtained  by  this  process  possessed  the  following  pro- 
perties. When  strongly  rubbed  upon  a  hard  and  smooth  body,  it 
assumed  a  strong  metallic  lustre,  and  appeared  very  hard  and  brittle. 
21f  gr.  of  this  substance,  composed  of  grains  more  or  less  aggluti- 
nated together,  and  of  the  size  of  pin  heads,  were  weighed  in  the 
usual  way  in  distilled  water,  and  the  specific  gravity  was  found  to 
be  17*400.  This  result  is  intermediate  between  the  specific  gra- 
vity of  tungsten  as  stated  by  the  Elhuyarts,  namely,  l/'GOO;  and 
by  Allen  and  Aiken,  namely,  17'200.  It  leaves  no  doubt  respecting 
the  great  specific  gravity  of  this  metal. 

Partly  to  ascertain  these  facts  with  still  greater  accuracy,  and 
partly  to  obtain  a  greater  quantity  of  tungsten  in  the  metallic  state 
for  further  experiments,  and  lastly  to  put  the  properties  of  tungstate 
of  ammonia  in  the  tire,  and  the  nature  of  the  oxide  which  it  leaves 
beyond  doubt,  the  following  experiments  were  made. 

Exper.  17. — 200  gr.  of  tungstate  of  ammonia,  which  had  been 
obtained  from  oxide  of  t\jngsten  not  heated  to  redness  in  the 
manner  described  in  experiment  10,  were  put  into  a  small  glass, 
which  was  put  into  a  crucible,  and  exposed  to  a  strong  red  heat  for 
half  an  hour.  The  oxide  was  not  covered  with  any  charcoal 
powder.  By  this  process  the  upper  portion  of  the  glass  was  melted. 
The  oxide  obtained  had  a  dark  greyish  blue  colour,  almost  slate- 
blue,  and  had  in  some  measure  assumed  a  crystalline  appearance. 
It  weighed  1  "]?>  gr. 

These  173  gr.  were  crammed  into  a  crucible  lined  with  charcoal 
powder,  and  covered  with  a  layer  of  charcoal  powder  one  finger 
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thick.  This  crucible  was  enclosed  in  a  larger  one,  and  both  were 
covered  by  a  third  crucible.  In  this  state  they  were  exposed  for  an 
hour  and  a  half  to  the  strongest  heat  of  a  blast  furnace.  The  result 
appeared  to  me  very  surprising.  The  whole  contents  of  the  crucible, 
with  a  portion  of  the  vessel  itself,  were  melted  into  a  slag. 

This  surprising  result,  the  cause  of  which  requires  to  be  cleared  up 
by  further  experiments,  was  probably  owing  to  a  portion  of  the  triple 
cojnpound  of  oxide  of  tungsten,  potash,  and  muriatic  acid,  which 
not  having  been  exposed  to  a  red  heat,  was  soluble  in  ammonia,  and 
therefore  was  present  in  our  tungstate  of  ammonia. ,  This  was  not 
the  case  in  the  first  experiments,  because  the  salt  had  been  prepared 
from  an  oxide  exposed  to  a  red  heat,  and  was  therefore  free  from 
this  triple  compound.  Hence  the  pure  oxide  was  reduced,  and 
gave  us  the  good  results  which  have  been  above  described. 

Exper.  18. — 200  gr.  of  the  same  tungstate  of  ammonia  were 
kept  in  a  weak  red  heat  in  a  long  small  glass  vessel  placed  in  a  cru- 
cible, till  the  ammonia  was  completely  dissipated.  The  mass,  when 
cold,  weighed  134  gr.,  and  had  the  following  properties.  Its  colour 
was  light  greenish  yellow,  and  was  in  the  state  of  a  scaly  powder, 
which  dissolved  readily  in  caustic  potash  with  the  assistance  of  heat, 
without  the  evolution  of  any  ammonia.  The  129  gr.  of  this  powder 
that  remained  were  exposed  for  an  hour  to  a  strong  red  heat,  M'hich 
melted  the  glass  in  which  the  oxide  was  contained.  Its  weight  was 
reduced  to  121  gr.,  and  it  exhibited  the  following  properties.  The 
uppermost  layer  had  a  dark  greyish  blue  colour,  which  always  be- 
came more  and  more  grey  as  we  came  nearer  the  bottom,  and  ap- 
peared to  crystallize  finely  in  stars.  At  the  bottom  of  the  glass  itself 
there  was  a  iiard  whitish  grey  mass,  vvliich  from  its  weight  I  was  dis- 
posed to  consider  as  tungsten  reduced  to  the  metallic  state.  To 
obtain  satisfactory  information  respecting  this  point,  I  mean  the 
possibility  of  reducing  tungsten  without  the  assistance  of  charcoal, 
or  any  body  containing  hydrogen  ;  the  121  gr.  were  reduced  to  a 
fine  powder,  and  crammed  into  a  crucible  lined  with  charcoal, 
<;overed  witli  charcoal  powder,  and  exposed,  as  in  the  preceding 
experiments,  for  an  hour  to  the  most  violent  heat  that  could  be 
raised  in  a  blast  furnace.  The  result  was  as  follows.  The  oxide  had 
partly  sunk  through  the  crucible,  and  was  partly  melted  into  a 
porous  grey  substance,  with  not  the  least  appearance  of  a  regulus. 

These  results  leave  us  to  conjecture  how  they  happened.  They 
were  beyond  all  doubt  owing  to  the  presence  of  a  portion  of  the 
triple  compound  of  oxide  of  tungsten,  potash,  and  muriatic  acid, 
as  was  the  case  in  the  preceding  experiments. 

The  existence  of  a  portion  of  this  triple  compound  in  our  tung- 
state of  ammonia,  and  the  injurious  effects  which  it  produced  when 
we  attempted  to  reduce  the  metal,  induced  me  to  undertake  a  set 
of  experiments  in  order  to  obtain  pure  tungstate  of  ammonia  from 
the  oxide  of  tungsten  not  exposed  to  a  red  heat,  and  obtained  as  in 
experiment  10. 
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(C.) 

Experiments  on  the  lest  Method  of  obtaining  pure  Tungstaie  of 
Ammonia  from  the  Oxide  of  Tungsten  proaired  from  the  triple 
Compound,  in  the  way  deicriled  in  Experiment  10,  arid  7iot  ex- 
posed to  a  Red  Heat. 

Exper.  19. — 250  gr.  of  yellow  oxide  of  tungsten  that  had  not 
been  heated  to  redness  were  mixed  with  1  oz.  of  caustic  ammonia 
and  1  oz.  of  water,  and  the  mixture  was  left  for  12  hours  in  a  mo- 
derately "warm  place.  The  whole  was  then  thrown  upon  a  moist 
filter,  and  the  filtered  liquid,  being  put  into  a  porcelain  dish,  was 
placed  upon  a  stove,  that  it  might  undergo  slow  evaporation.  After 
about  the  half  of  the  liquid  had  evaporated,  snow-white  brilliant 
prisms  began  to  separate,  and  they  continued  to  accumulate  till  the 
whole  liquid  was  reduced  to  half  an  ounce.  These  crystals,  being 
separated,  were  found  to  weigh  133  gr.  They  had  not  the  properties 
of  pure  tungstate  of  ammonia,  which  is  known  to  be  very  soluble  : 
on  the  contrary,  these  were  very  difficultly  soluble  ;  and  from  their 
appearance,  could  be  nothing  else  than  a  quadruple  compound  of 
oxide  of  tungsten,  potash,  ammonia,  and  muriatic  acid.  The  exist- 
ence of  these  substances  in  these  crystals  was  ascertained  by  further 
experiments  made  with  a  view  to  ascertain  their  nature.  Thus  a 
portion,  being  exposed  to  a  red  heat,  left  after  the  escape  of  the 
ammonia  a  blue,  greenish  white  residuum,  which  when  boiled  in 
muriatic  acid  became  yellowish,  like  the  triple  salt  pf  which  we 
have  spoken  so  frequently.  In  another  experiment  the  quadruple 
compound  was  dissolved  in  caustic  potash,  with  the  escape  of  a 
great  deal  of  ammonia.  The  potash  being  neutralized  by  acetic 
acid,  the  white  triple  compound  precipitated,  which  remained  un- 
altered in  a  gentle  red  heat ;  but  being  boiled  in  concentrated  mu- 
riatic acid,  acquired  a  yellow  colour. 

The  white  residuum  of  the  oxide  treated,  as  above,  vvith  ammonia 
and  water,  was  once  more  digested  in  1  oz.  of  caustic  ammonia  and 
1  oz.  of  water,  and  the  filtered  liquid  exposed,  as  before,  to  slow 
evaporation  upon  a  stove.  Wlien  the  half  was  evaporated,  crystals 
appeared,  as  before.  The  whole  of  them  obtained  amounted  to 
43  gr.     They  possessed  the  same  properties  as  those  just  described. 

The  mother  leys  from  which  these  crystals  had  deposited  were 
evaporated  separately.  The  first  yielded  45  gr.  of  a  saline  mass,  for 
the  most  part  very  soluble  in  water,  and  which  possessed  the  pro- 
perties of  tungstate  of  ammonia,  containing,  however,  mixed  with 
it,  a  small  portion  of  the  quadruple  compound. 

The  second  yielded  37  gr.  of  a  saline  mass,  possessing  the  pro- 
perties of  the  preceding. 

These  82  gr.  were  macerated  in  3  dr.  of  distilled  water,  and  the 
undissolved  white  quadruple  compound,  which  weighed  33  gr.,  was 
separated  from  the  easily  soluble  portion.  The  solution  was  slowly 
evaporated  in  a  porcelain  dish.    There  remained  48  gr.  of  a  salt, 
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which  possessed  the  following  properties.  Its  external  appearance 
was  similar  to  that  of  gum-arabic  ;  but  it  was  more  easily  reduced  to 
powder,  and  had  a  peculiar  bitter,  biting,  and  sharp  metallic  taste. 
This  easily  soluble  tungstate  of  ammonia,  being  exposed  for  an  hour 
to  a  gentle  red  heat  in  a  glass  with  a  narrow  mouth,  left  40  gr.  of  a 
light  blue  oxide,  which  at  the  commencement  was  yellow.  These 
40  gr.  were  put  into  a  crucible,  and  e.\posed  for  an  hour  to  a  strong 
white  heat  in  a  blast  furnace  without  any  mixture  of  charcoal 
powder.  It  was  converted  into  an  oxide  of  a  deep  blue  colour. 
Being  mixed  with  charcoal  powder,  and  treated  as  in  experiment  16, 
a  regulus  was  obtained  in  small  grains,  possessing  tlie  properties 
already  described. 

The  salt  remaining  undissolved  by  the  ammonia  exhibited  the 
properties  of  the  quadruple  compound,  only  it  was  somewhat  more 
difficultly  soluble,  and  probably  contained  a  greater  proportion  of 
oxygen.     It  consisted  of  small  clear  crystals,  and  weighed  85  gr. 

Exper.  20. — 20  gr.  of  the  quadruple  compound  were  put  into  a 
glass  vessel,  and  exposed  to  a  heat  raised  by  degrees  till  the  glass 
melted.  The  resulting  substance  possessed  the  properties  described 
in  experiments  17  and  18,  excepting  that  it  was  less  bluCj  and  more 
inclined  to  grey. 

These  last  experiments  show  us  not  only  that  the  preparation  of 
pure  tungstate  of  ammonia,  by  employing  yellow  oxide  obtained 
from  the  triple  compound  of  oxide  of  tungsten,  potash,  and  mu- 
riatic acid,  is  very  unprofitable ;  but  that  in  this  case  a  hitherto 
unknown  quadruple  compound  of  potash,  oxide  of  tungsten,  am- 
monia, and  muriatic  acid,  is  formed  :  and,  lastly,  they  establish  the 
conjecture  hazarded  in  experiments  1/  and  18,  respecting  the  reality 
of  the  unfitness  for  reduction  of  the  tungstate  of  ammonia  altered 
as  described  in  these  experiments.  This  unfitness  is  the  consequence 
of  a  mixture  of  the  tungstate  of  ammonia  with  the  so  often  men- 
tioned triple  compound,  which  has  been  dissolved  by  means  of  the 
ammonia;  and  converted  into  the  quadruple  compound. 

ResuUs  estahllshed  ly  the  ExperimeiUs  related  in  this  Memoir. 

1.  The  statement  of  other  chemists,  and  particularly  of  Richter, 
respecting  the  great  difficulty,  or  even  impossibility,  of  obtaining  a 
pure  yellow  oxide  of  tungsten  by  treating  Scheele's  tungstic  acid 
with  nitric  acid,  is  established. 

2.  The  employment  of  an  oxide  of  tungsten  obtained  by  the 
method  described  above  is  improper  on  two  accounts.  If  we  employ 
it  after  it  has  been  exposed  to  a  red  heat,  we  obtain  by  means  of  it 
an  apparently  pure  tungstate  of  ammonia  ;  but  for  the  extraction  of 
the  oxide  of  tungsten  which  it  contains,  an  excessive  quantity  of 
ammonia  is  necessary ;  as  by  the  red  heat  the  oxide  of  tungsten  is 
united  with  the  undecomposed  triple  compound  mixed  with  it,  and 
forms  a  very  cohesive  compound,  and  therefore  very  difficultly  acted 
on  by  ammonia.  If  we  employ  tlie  oxide  without  exposing  it  to  a 
red  heat,  "We  form,  wlien  we  dissolve  it  in  ammonia,  a  great  quantity 
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of  a  quadruple  compound  (the  properties  of  which  are  given  in  ex- 
periment 10)  consisting  of  oxide  of  tungsten,  potasl),  ammonia, 
and  muriatic  acid  ;  and  only  a  very  small  quantity  of  tungstate  of 
ammonia  can  be  obtained.  This  shows  us  the  necessity  of  employing 
pure  oxide  of  tungsten  in  the  formation  of  tungstate  of  ammonia. 
S.  Besides  the  yellow  and  dark  blue  oxides  of  tungsten,  there 
seems  to  exist  another  of  a  dark  brownish  red  or  reddish  browa 
colour.  It  may  be  obtained  by  the  application  of  heat  to  the  tung- 
state of  ammonia,  in  consequence  of  the  deoxidizing  property  of 
the  ammonia.  In  respect  to  the  degree  of  oxidation,  it  seems  to 
lie  between  tlie  yelljw  and  tlie  blue  oxides. 

4.  The  coreiplete  reduction  of  oxide  of  tungsten  by  the  method 
alx)ve  described  is  a  much  easier  process  than  the  fusion  of  the  re- 
duced metal.  This  holds  likewise  with  molybdenum,  manganese, 
and  other  difficultly  fused  metals. 

5.  It  is  exceedingly  probable  that  the  failure  which  difTerebt 
cliemists  have  experienced  in  their  attempts  to  reduce  the  oxide  of 
tungsten,  was  owing  to  a  mixture  of  the  triple  compound  with  the 
oxide  employed  by  them. 

6.  The  statement  of  the  Elhuyarts  and  of  Allen  and  Aikin  re- 
specting the  specific  gravity  of  this  metal  is  confirmed.  We  may 
consider  17"4,  the  mean  of  preceding  statements,  as  near  the  truth. 
The  other  statements  respecting  t!ie  colour,  lustre,  hardness,  and 
brittleness,  of  our  metal,  are  likewise  confirmed. 

7.  The  presence  of  a  portion  of  Scheele's  tungstic  acid  in  the 
oxide  of  tungsten  prevents  its  complete  reduction,  and  causes  it  to 
run  into  a  slag. 


Article  VII. 

JDesaiplion  of  an  Elementary   Galvanic  Battery.     By  W.  Hyde 
Wollaston,  M.D.  Sec.R.S. 

(To  Dr.  Thomson.) 

DEAR  SIR, 

Agrekauly  to  your  request,  I  now  send  }'ou  a  description  of  a 
small  battery  which  1  showed  you  some  time  since,  and  shall  feel 
obliged  by  the  insertion  of  it  in  your  Anvals. 

Since  the  4gnitioii  of  metallic  wires  is  highly  instructive  with 
respect  to  the  vast  quantity  of  electricity  evolved  during  the  soiutioa 
of  metals,  I  made,  about  three  years  since,  a  series  of  experiments 
for  the  purpose  of  ascei  taining  the  mo^t  compendious  form  of  appa-* 
ratus  by  which  visible  ignition  might  be  shown. 

The  result  of  these  trials  was,  that  a  single  plate  of  zinc  one  inch 
square,  when  rightly  mounted,  is  more  than  sufficient  to  ignite  a 
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wire  of  platina  xoV?*  °^  ^"  ^"'^^  ^"  diameter,  even  when  the  acid 
employed  is  very  dilute. 

Bui  for  this  purpose  each  surface  of  the  zinc  must  have  its  coun- 
terpart of  copper  or  other  metal  opposed  to  it ;  for  when  copper  is 
opposed  only  to  one  face,  the  action  on  the  posterior  surface  of  the 
zinc  is  wasted  to  little  or  no  purpose. 

The  smallest  battery  that  I  formed  of  this  construction  consisted 
of  a  thimble  without  its  top,  flattened  till  its  opposite  sides  were 
about  -j3^  of  an  inch  asunder.  The  bottom  part  was  then  nearly  one 
inch  wide,  and  the  top  about  -/o  ;  and  as  its  length  did  not  exceed 
yV  of  an  inch,  the  plate  of  zinc  to  be  inserted  was  less  than  f  of  a 
square  inch  in  dimensions. 

Previously  to  insertion,  a  little  apparatus  of  wires,  through  which 
the  communication  was  to  be  made,  was  soldered  to  the  zinc  plate, 
and  its  edges  were  then  coated  with  sealing-wax,  which  not  only 
prevented  metallic  contact  at  those  parts,  but  also  served  to  fix  the 
zinc  in  its  place  by  heating  the  thimble  so  as  to  melt  the  wax. 

A  piece  of  strong  wire,  bended  so  that  its  two  extremities  could 
be  soldered  to  the  upper  corners  of  the  flattened  thimble,  served 
both  as  a  handle  to  the  battery,  and  as  a  medium  to  which  the  wires 
of  communication  from  the  zinc  could  be  soldered. 

The  conducting  apparatus  consisted  in  the  first  place  of  two  wires 
of  platina  about  -^  of  an  inch  in  diameter  and  one  inch  long, 
cemented  together  by  glass  in  two  parts,  so  that  one  end  of  each 
wire  was  united  to  the  middle  of  the  other.  These  wires  were  then 
tinned,  not  only  at  their  extremities  for  the  purpose  of  being  sol- 
dered to  the  zinc  and  to  the  handle,  but  also  in  the  middle  of  the 
two  adjacent  parts  for  receiving  the  fine  wire  of  communication. 

One  inch  of  silver  wire  -jJ-^  of  an  inch  in  diameter,  containing 
platina  at  its  centre  -r^-  part  of  the  silver  in  diameter,  was  then 
bended  so  that  the  middle  of  the  platina  could  be  freed  of  its  coat- 
ing of  silver  by  immersion  in  dilute  nitrous  acid.  The  portion  of 
silver  remaining  on  each  extremity  served  to  stretch  the  fine  filament 
of  platina  across  the  conductors  during  the  operation  of  soldering. 
A  little  sal-ammoniac  being  then  placed  on  the  points  of  contact, 
the  soldering  was  effected  without  difficulty,  and  the  two  loose  ends 
were  readily  removed  by  the  silver  attached  to  them. 

It  should  here  be  observed,  that  the  two  parallel  conductors  can- 
not be  too  near  each  other  provided  they  do  not  touch,  and  that  on 
this  account  it  is  expedient  to  pass  a  thin  file  between  them  (pre- 
viously to  soldering  on  the  wire)  in  order  to  remove  the  tin  from  the 
adjacent  surfaces.   The  fine  wire  may  thus  be  made  as  short  as  from 

to  ^L  of  an  inch  in  length  ;  but  it  is  impossible  to  measure  with 
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*  For  the  method  of  drawing  fine  wires  of  platina,  by  coating  them  with  a 
quantity  of  silver,  I  must  refer  to  the  description  which  1  have  formerly  given  of 
that  contrivance.  Phil.  Trans,  1813,  p.  114.  See  Annals  of  Philosophy,  vol.  ii. 
j).  233, 
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precision,  since  it  cannot  be  known  at  what  points  the  soldering  is 
in  perfect  contact. 

The  acid  which  1  have  employed  with  this  battery  consists  of  one 
measure  of  sulphuric  acid  diluted  with  about  50  equal  measures  bt 
water;  for  though  the  ignition  effected  by  this  acid  be  not  perma- 
nent, its  duration  for  several  seconds  is  sufficient  for  exhibiting  the 
phenomenon,  and  for  showing  that  it  does  not  depend  upon  mere 
contact,  by  which  only  an  instantaneous  spark  should  be  expected. 

Although  in  this  description  I  have  mentioned  a  wire  ^-uVo  '^^  ^^ 
inch  in  diameter,  I  am  doubtful  whether  this  thickness  is  the  best. 
I  am,  however,  persuaded  that  nothing  is  gained  by  using  a  finer 
wire  ;  for  though  tlie  quantity  of  matter  to  be  heated  is  thus  less- 
ened, the  surface  by  which  it  is  cooled  does  not  diminish  in  the 
same  ratio ;  so  that  where  the  cooling  power  of  the  surrounding 
atmosphere  is  the  principal  obstacle  to  ignition,  a  thicker  wire, 
which  conveys  more  electricity  in  proportion  to  its  cooling  surface, 
will  be  more  heated  than  a  thin  one,  a  fact  which  I  not  only  ascer- 
tained by  trials  on  these  minute  wires,  but  afterwards  took  occasion 
to  confirm  on  the  largest  scale  by  means  of  the  magnificent  battery 
of  Mr.  Children  in  the  summer  of  1S13. 

I  remain,  dear  Sir,  ever  very  faithfully  yours, 

Buckingham-street,  Fitzroysquare,  Wm.  H.  WoLLASTOX, 

Aug.b,  1815. 


Article  VIII. 

Objections  to  Sir  H.  Davy's  Theory  of  Chlorine.     By  J.  BerzeHus, 
M.D.  F.R.S.  Professor  of  Chemistry  at  Stockholm. 

(To  Dr.  Thomson.) 

SIR,  Stockholm,  June  6^  1815. 

I  HAVE  just  received  the  English  scientific  journals  for  the  last 
seven  months.  In  one  of  the  numbers  of  your  Annals  you  express 
a  wish  that  I  should  explain  how  the  theory  of  Sir  H.  Davy  respect- 
ing the  nature  of  muriatic  acid  is  inconsistent  with  the  law  respect- 
ing the  combination  of  oxides  with  each  other.  1  therefore  give  the 
following  statement. 

Ac(  ording  to  the  old  theory,  muriate  of  lead  is  composed  of  100 
parts  acid  and  410  of  oxide  of  lead.  The  submuriate  of  lead  is 
composed  of  100  acid  +  410  x  4  =  1640  oxide.  This  salt,  when 
prepared  by  precipitation,  contains  combined  water,  which  may  be 
separated  by  heating  the  salt  in  a  retort.  The  quantity  of  this  water 
amounts  to  133^  parts  for  every  1/40  parts  of  the  dry  salt.  Nowr 
the  oxygen  in  this  water  is  just  equal  to  that  in  the  oxide  of  lead 
present.     You  know,  likewise,  that  in  the  submuriate  of  copper 

X  o  2 


2J2        Objections  to  Sir  H.  Davy's  Theory  of  Chlarlnt.       [S^tj. 

100  parts  of  the  acid  are  combined  with  5S9  parts  of  oxide  of 
copper  and  with  1334-  ^f  water.  Here  the  oxygen  ia  the  water  i|t 
likewise  equal  to  that  in  the  oxide. 

You  are  aware,  I  presume,  th^t  neither  Davy,  nor  the  partisans 
of  the  new  theory,  agree  with  themselves  in  what  ought  to  be  con- 
sidered as  a  hydro-chlorate  or  a  chloride.  Sometimes  they  speak  of 
chloride  of  potassium,  barium,  copper,  iron ;  sometimes  they  give 
the  name  of  muriate  ov  hydro-chlorate  to  these  bodies.  Sqch  is  the 
looseness  of  the  theory,  that  we  carinot  point  out  any  essential  dif- 
ference between  the  hydro-chlorates  and  chlorides.  (Yet  if  we 
confine  ourselves  to  analogy,  to  which  these  chemists,  liowever,  do 
not  seem  to  attach  any  value,  there  is  a  decided  difference  betweepi 
the  sulphuret  of  polassium  and  the  hydro-sulphurei  of  potqsk,  one 
of  which  represents  the  chloride^  and  the  other  the  hydro-chlorate.) 
Therefore  when  we  wish  to  discuss  their  opinions,  we  must  foresee 
all  their  methods  of  escaping  from  the  examination  ;  because  if  yoi^ 
prove  that  such  a  body  cannot  be  a  chloride,  they  answer  that  it  i$ 
a  hydro-chlorate,  decomposing  and  forming  water  at  the  pleasuve  of 
the  hypothesis,  with  a  facility  which  has  no  other  example  in  th^ 
whole  science  of  chemistry  ;  for  the  sulphurets,  phospliurets,  an^ 
tellurets,  of  the  alkaline  metals  decompose  likeu  ise  water ;  but 
water  in  these  cases  cannot  be  formed  at  pleasure,  provided  tlie 
access  of  air  be  withheld.  If  we  ask  tlie  partisans  of  the  new  theory 
what  is  their  opinion  of  the  composition  of  the  submuriates  in  ques- 
tion, they  will  immediately  answer  that  they  are  real  subhydro- 
chlorates,  composed  of  hydro-chloric  acid,  oxide  of  copper,  and 
"water.  But  if  the  existence  of  such  a  hydro-chloric  acid  be  real,  it 
is  to  be  supposed  that  the  subhydro-chlorates  in  question  are  com- 
posed according  to  the  same  laws  as  all  the  other  salts. 

We  must  then,  in  order  to  convert  the  !00  parts  of  muriatic  acid 
(supposed  by  the  old  theory)  into  hydro-chloric  acid,  take  away  the 
fourth  part  of  the  133^-  of  water,  the  oxygen  of  which  constitutes 
an  integrant  part  of  the  chlorine,  and  the  hydrogen  of  which  added 
to  the  chlorine  produces  hydro-chloric  acid.  The  weight  of  the 
metallic  oxide  remains  the  same.  The  133*5  parts  of  water,  then, 
which  the  analysis  gives,  do  not  exist  wholly  in  the  salt  in  the  state 
of  water.  Only  1002  parts  exist  in  that  state.  The  remaining  33*3 
parts  are  produced  by  the  operation  wiien  tlie  hydrogen  of  the  acid 
unites  to  a  portion  of  the  oxygen  of  the  oxide  in  order  to  produce  a 
chloride.  But  the  oxygen  of  the  metallic  oxide  is  117'S,  while 
that  of  100-2  parts  of  water  only  amounts  to  SS'6"  ;  that  is  to  say, 
precisely  three-fourtiis  as  much  as  the  oxygen  of  the  base.  Here, 
then,  we  have  a  body  composed  of  an  acid  without  oxygen,  of  an 
oxide  base,  and  of  water  of  combination.  The  oxygen  of  the  water 
ought  to  be  in  this  case,  as  in  all  other  salts,  both  neutral  and  with 
excess  of  base,  a  multiple  or  a  snbmultiple  bv  a  whole  number  of 
that  of  the  base.  But  we  have  just  seen  that  it  amounts  only  to 
three-fourths  of  it.  Hence  it  follows  that  either  the  hypothesis  of 
JDavy,  or  the  rule  concerning  the  combination  of  oxides,  is  inaccu- 
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rate.    No,  it  is  said,  the  hypOthfesis  of  Davy  does  not  eonSider  these 
bodies  as  subh3'dro-clilorates.     They  are  composed  of  the  chloride 
of  copper  or  lead,  combified  with  the  oxide  of  the  same  metal  and 
with  W'ater,  so  that  for  one  atom  of  chloride  there  are  three  atottis 
of  oxide  and  four  of  water,  a  composition  which  agrees  perfectly 
*vitli  the  laws  of  chemical  proportions.     But  this  is  a  mistake.     It 
is  conformable,  indeed,  to  the  atomic  theory  of  Dalton,  which  pays 
no  attention  to  the  relation  of  the  oxygen  of  the  different  oxides 
combined;  but  it  is  contrary  to  the  law  above  stated;  for  it  sufi- 
poses  that  the  oxygen  of  the  oxide  is  88-6,  and  that  of  the  water 
1 1/"8  ;  that  is,  that  the  former  is  only  three-fourths  of  the  latter.  I 
do  not  know  whether  the  new  hypothesis  admits  still  other  explana- 
fjorts;  but  it  is  obvious  that  the  two  explanations  given  here  ane 
contrary  to  the  law  which  determines  the  respective  quantities  of 
bodies  that  combine.     Tlierefore  either  that  law  or  the  hypothesis  is 
incorrect.     Sir  H.  Davy,  in  speaking  of  my  objection^  to  his  hypo- 
thesis, says,  "  1  cdhnot  regard  these  arguments  as  possessing  any 
<*€ight ;  "  "  and  th^re  is  no  general  canon  with  respect  to  the  mul- 
tiples of  the  proportions  in  which  different  bodies  combine."     I  do 
not  think  that  this  manner  of  rtfuting  is  admissible  in  the  sciences. 
This  celebrated  chemist  has  taken  advantage  of  his  great  superiority, 
atid  has  predisposed  the  reader  to  believe  that  six  years  of  labour  oh 
my  part  to  find  and  to  establisli  by  numerous  experiments  the  law, 
«phteh  he  sHys  does  not  exist,  have  been  lost  without  fruit.     I  itip- 
pme,  however,  that  lie  will  one  day  do  me  the  justice  to  take  the 
trouble  to  prove  by  experiment  that  I  have  deceived  myself  if  hp 
finds  that  I  sm  in-  the  wrong, 


Article  IX. 


^n  Essmj  on  the  Shftpes,  Dimensions,  and  Positions  of  the  Spaces 
in  the  Earth  which  are  called  Rents,  and  the  Arrangement  of  the 
Matter  in  them  :  with  the  Definition  and  Cause  of  Stratification. 
By  Mr.  John  B,  Lengnrire. 

{Continued  ffom  p.  46.) 

I.  On  KfiNTs. 

I.  Addiiionai  Remarks  on  the  Positio7ts  of  the  Strata  near  Bended- 
Tabular  Rents. 

1  WAvii  before  laid  It  down  as  a  general  ruTfc  that  the  distawcie 
which  tlie  strata  are  asunder  on  opposite  sides  of  bended-tabular 
rents  is  owlrtg  to  a  bending  in  the  strata,  which  commences  at  the 
k«^edt  extremities,  increases  to  the  middles,  then  decreases  to,  and 
tnda  at,  the  highest  estremitiea  of  fliese  rents.     Btit,  although  this 
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is  the  general  mode,  and  one  that  is  subject  to  some  modifications, 
there  is  another  mode  by  which  this  difference  of  level  is  produced. 
Miners  often  find  the  strata,  any  distance  from  a  foot  to  more 
than  40  fathoms  asunder,  in  point  of  altitude,  on  opposite  sides  of 
bended-tabular  rents,  in  places  where  these  strata  are  not  bent; 
but  straight,  as  the  stratum  abed,  Plate  XXXVIII,  fig.  1,  and  the 
stratum  c,  along  with  the  strata  B  A,  fig.  2,  are  represented.  In 
Ithe  first  mode,  the  distances  which  the  strata  are  asunder,  on  oppo- 
site sides  of  these  rents,  are  obtained  by  the  bending  of  the  strata, 
and  always  continue,  and  sometimes  increase,  during  many  tem- 
porary suspensions  of  this  bending  ;  but  in  the  second  mode,  it  takes 
place  without  any  bending  of  the  strata. 

I  will  give  one  cKample  to  illustrate  each  mode.     Let  fig.  1  be 
representative  of  the  first  mode.     The  stratum  a  d  h  horizontal, 
notwithstanding  the  part  a  b  is  the  distance  b  c  below  the  part  c  d. 
Above  this  stratum,  at  the  rent  A,  the  strata  are  straight  for  a  certain 
distance,  and  then  they  are  bent ;  and  below  this  stratum  they  are 
also  bcntj  at  first  slightly,  but  with  a  gradually  increasing  ratio,  that 
reaches  its  maximum  at  the  stratum  k  n ;  whose  two  parts  k  I  and 
in  n  are  the  distance  m  I  asunder,  which  is  equal  to  the  distance y^-;, 
and  to  the  distance  b  c,  and  which  is  acquired  by  the  bending  of  the 
part  m  n  above  the  line  /  «.     The  strata  close  to  the  side  p  g  c  at 
this  part  of  the  rent  are  thicker  than  close  to  the  side  IJ^b  :  they  are 
also   thicker  at  m  p  than   at  q  n,  and  that  additional  thickness 
throughout  the  whole  of  the  rent,  below  the  stratum  k  n,  gave  rise 
to  the  bending  of  the  part  m  v  of  that  stratum,  in  the  manner  which 
has  been  shown  in  my  first  communication  on  rents ;  but  the  strata 
above  the  stratum  m  n  where  close  to  the  side  m  c  of  the  rent, 
though  thicker  than  the  opposite  strata  on  the  side  /  b,  are  not  so 
thick  as  they  are  at  the  line  Ji  d;  in  consequence,  the  bending,  as 
seen  at  m  n,  gradually  decreases  upwards  till  it  ceases.  Let  us  take, 
by  way  of  illustration,  the  effect  on  the  stratum  c  h,  of  this  altera- 
tion in  the  thickness  of  the  strata  :  as  much  as  the  strata  which  are 
situated  between  the  strata  k  n  and  c  h  are  thicker  at  the  line  n  h 
,  than  at  k  e,  so  much  is  the  distance  n  k  greater  than  the  distance 
k  e,  (say  by  the  distance  h  o,)  and  so  much  is  the  stratum  g  h  bent 
less  than  the  stratum  m  n,  say  by  the  distance  i  r.    The  bending  of 
the  strata  above  the  stratum  c  h  also  diminishes  upwards,  from  the 
same  cause,  till  it  ceases  at  the  stratum  a  d,  which  is  straight.     At 
first  sight  the  position  of  the  stratum  a  d,  considering  how  much 
one  part  is  higher  than  the  other,  appears  to  be  irreconcileable  with 
that  arrangement  which  I  have  considered  the  general  one ;  but 
when  its  connexion  with  that  of  the  strata  below  is  traced  as  we 
have  now  done,  its  difference  from  that  which  is  the  common  one 
is  easily  accounted  for.  In  fact,  the  arrangement  of  the  elementary 
matters  in  this  part  is  such,  that  the  strata  have  contracted  less, 
instead  of  more,  at  the  line  n  d  than  close  to  the  side  m  c  of  the 
rent ;  and  by  doing  so  have  gradually  given  the  straight,  instead  of 
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the  bended  position  to  the  strata  of  this  part :  while  these  strata 
close  to  the  rent  have  contracted,  as  usual,  less  on  the  under  side 
p  c  than  on  the  upper  side  I  h.  Hence  also  the  distance  between 
the  straight  strata  on  opposite  sides  of  this  rent  is  equal  to  that  be- 
tween similar  parts  of  the  bent  strata. 

An  example  of  the  second  mode  is  that  which  follows.  Some- 
times the  strata  near  bended-tabular  rents  are  all,  or  nearly  all, 
straight,  notwithstanding  they  are  situated  at  different  levels  on 
opposite  sides.  Thus  the  strata  ABC,  fig.  2,  and  those  which  lie 
between  them,  are  straight  on  both  sides  of  the  rents  D  1^ ;  but  the 
parts  of  the  strata  hj  k  and  e  i  n  are  higher  on  the  under  sides  than 
the  parts  eg  I  and  d  h  m  on  the  upper  sides  of  these  rents.  The 
strata  in  this  figure,  as  well  as  those  near  all  rents  of  this  shape,  are 
thicker  on  the  upper  than  on  the  under  sides ;  and  by  this  greater 
thickness  the  stratum  A  is  higher  sx  h  e  than  at  c  d,  the  stratum  B 
at/?  than  at  g  h,  and  the  stratum  C  at  k  n  than  at  /  m.  Now,  as 
has  been  before  shown,  this  difference  in  the  thickness  of  the  strata 
is  a  consequence  of  the  unequal  contraction  of  the  stratified  matter; 
that  is  to  say,  the  strata  have  contracted  more  near  the  upper  sides 
than  near  the  under  sides  of  these  rents.  But  although  they  have 
contracted  with  different  ratios  on  different  sides,  yet  in  the  example 
before  us  the  ratio  on  any  one  side  has  been  tmiformly  (he  saine 
throughout  the  strata,  instead  of  being,  as  in  general,  the  least 
near  the  rents,  and  the  greatest  at  given  distances  from  them.  In 
consequence,  then,  of  this  uniformity  in  the  ratio  of  contraction 
of  the  strata,  ivhen  taken  on  one  side  only,  they  are  straight  on  both 
sides  of  some  rents,  although  they  are  situated  at  different  levels  on 
opposite  sides  of  such  rents. 

It  may  be  proper  to  remark  here  that,  though  the  strata  are 
straight,  and  higher  on  one  side  of  a  rent  than  on  the  other,  when 
seen  in  a  cross  section,  as  in  fig.  2  5  yet  when  a  view  is  taken  at 
right  angles  to  this  section,  or  when  a  person  faces  the  rent,  every 
Stratum  then  separates  at  one  horizontal  extremity  into  two  parts, 
one  iiiclining  very  gently  upwards,  and  the  other  downwards,  till 
opposite  the  middle  of  the  rent ;  then  the  higher  part  dips  down- 
wards, and  the  lower  part  rises  upwards,  till  tliey  meet  again  at  the 
other  horizontal  extremity  of  the  rent. 

2.  Observations  on  the  Upper  Extremities  of  large  Bended-Tabular 

Rents. 

The  upper  extremities  of  some  rents  are  altogether  situated  in 
the  solid  rock,  and  at  considerable  distances  below  the  surface. 
Many  large  rents  extend  downwards  from  the  surface  of  the  solid 
rock,  or  that  of  the  solid  strata,  to  great  depths  ;  but  some  of  them 
reach  above  the  solid,  through  the  alluvial  matter,  to  within  a  few 
inches  of  the  earth's  surface. 

Some  of  the  rents  which  reach  nearly  to  the  surface  are  precisely 
of  the  same  dimensions  in  the  alluvial  clay,  as  in  the  solid  rock 
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below  :  and  what  is  more  remarkable  in  the  lower  half  of  the  allu- 
vial clay,  they  are  sometimes  filled  with  spar  and  the  usual  content* 
of  the  rents,  and  in  tlie  upper  half,  with  clay  deeply  tinged  with 
iron ;   and  sometimes  opposite  the  whole  height  of  the  alluvialt 
matter  they  are  filled  with  iron  tinged  clay  :  in  both  instances  the 
rents  are  covered  with  only  thin  strata  of  soil.     In  the  Shropshire 
and  Cumberland  coal  formations  I  have  seen  rents  so  circumstanced 
at  the  earth's  surface ;  and  at  Lead  Hills  in  Scotland,  in  company 
with  Mr.  Martin  of  that  place,  I  met  with  two  such  rents,  that  are 
situated  in  the  north  side  of  the  valley  and  to  the  west  of  the 
Susannah  vein.     Other  rents  that  reach  to  only  a  few  inches  below 
the  surface  are  as  wide  in  the  alluvial  clay  just  above  the  top  of  the 
hard  rock  as  they  are  below  ;  but  upwards,  they  increase  in  width 
in  such  a  ratio  that  each  side  deviates  from  20°  to  30°  from  a  per- 
pendicular line.     Opposite  the  alluvial   matter  they  contain  clay, 
mixed  throughout  with  large  cobbles,  which  last  are  very  numerous 
at  the  bottom.     The  contents  in  these  parts  appear  as  if  they  had 
been  washed  into  the  rents.     I  have  seen  such  rents  in  Cornwall. 
Rents  reaching  through  the  alluvial  matter  exist  most  abundantly  in 
low  and  smooth  mountainous  districts,  such  as  Cornwall  and  Lead 

Hills. 

The  existence  of  rents  in  alluvial  matter,  though  new  to  men  of 
science,  js  a  very  important  fact.  It  shows  us  that  the  alluvial 
matter  must  have  been  formed  before  these  rents ;  otherwise,  after 
reaching  the  surface  of  the  present  rocks,  the  rents  could  not  have 
passed  through  the  alluvial  matter.  It  also  shows  us  that  the  alluvial 
matter  was  formed  from  the  matter  below,  when  this  matter  was 
the  least  able  to  resist  a  disintegrating  force :  and  by  it  we  know 
that  the  alluvial  matter  has  not  been  removed  since  then.  Hence 
the  rocks  or  strata  underneath  such  parts  have  not  been  in  the  least 
wasted  by  the  elements. 

II.  On  Stratification. 

I  have  said  that  the  phenomenon  of  stratification,  in  one  point  of 
view,  is  an  effect  of  the  unequal  contraction  of  the  earth's  matter. 
1  will  now  give  my  i;easons  for  this  assertion.  But  perhaps  it  may 
be  previously  necessary  to  give  a  definition  of  the  term.  Stratifica'- 
tion  consists  in  that  assemblage  of  tabular  masses,  wherein  any  one 
muss  is  parallel  to  that  next  above,  and  to  that  next  below  it.  A 
formation  that  is  entitled  to  be  called  stratified  must  have  this  ar- 
rangement of  parts  every  where.  According  to  this  definition,  all, 
or  nearly  all,  the  red  and  white  sand-stone,  and  some  of  the  lime- 
stone formations,  are  stratified  ;  but  the  formations  of  granite,  mica- 
slate,  &c.  are  not  stratified,  unless  they  lie  in  hollows,  as  they 
sometimes  do,  on  the  primitive  and  unstratified  mass.  Mountains 
divided,  in  a  few  places,  into  tabular  distinct  concretions,  have 
sometimes  been  called  stratified;  but  to  possess  tins  structure  they 
musit  be  every,  where  divided  into,  tabular  masses^  which  have  the 
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same  relation  to  one  another  as  I  have  shown  to  be  necessary  to  con- 
stitute stratification. 

After  the  matter  on  which  all  stratified  formations  rest  had 
assumed  a  small  degree  of  solidity,  it  contracted  unequally.  Hence 
one  part  of  its  surface  sunk  lower  tlian  another,  and  gradually 
formed  a  number  of  hollows,  into  which  as  gradually  entered 
originally  fluid  matter,  and  matter  greatly  comminuted  and  mecha- 
nically suspended  in  water. 

Let  us  endeavour  to  follow  the  formation  of  a  hollow  through  a 
few  stages.  Let  A,  fig.  3,  be  the  first  stage.  Here  a  hollow,  say 
of  a  few  feet  in  depth,  is  observed,  which  has  been  gradually 
formed  by  the  sinking  of  one  part  a  lower  than  the  pM-t  d  e.  Let 
B  be  the  second  stage.  The  hollow  has  now  got  an  additional  area 
marked  [■,  and  is  twice  the  depth  that  it  was  at  the  end  of  the  first 
stage,  with  an  equal  increase  of  dimensions  sideways.  Between 
this  stage  and  the  first  the  hollow  has  been  gradually  increasio?  in 
dimensions  by  the  sinking  of  the  part  a  b  more  than  the  part  de. 
C  is  the  third  stage  ;  in  which  another  space  c  is  added  to  the 
hollow.  In  this  manner  the  extension  of  the  hollow  would  continue 
as  long  as  the  matter  continued  to  contract  uneqaally,  or  till  the 
earth  had  acquired  its  present  degree  of  solidity.  Some  hollows  are 
filled  with  matter  of  one  denomination,  a«  white  sand- stone,  &c. ; 
others  with  that  of  various  denominations,  as  in  the  coal  formations. 
The  matter  in  the  former  instance  has  proceeded  from  one  source ; 
in  the  latter,  from  different  sources.  Some  hollows,  again,  were 
filled  with  matter  while  forming j  otliers  not  till  after  they  were^ 
totally,  or  at  least  nearly,  formed.  But  all  hollows  so  produced, 
and  filled,  and  such  spaces  only,,  except  a  few  rents,  contain  matter 
having  the  stratified  structure.  The  slow  but  gradual  entry  into 
hollows  of  matter  either  fluid'  or  mechanically  suspended  in  water, 
is  certainly  necessary  to  give  to  such  matter  the  stratified  structure  ; 
but  if  these  iiollows  had  not  been  formed  by  the  unequal  contrac- 
tion of  the  matter  below  them,  the  present  stratified  matter  would 
have  remained  for  ever  in  its  original  situation.  Stratification,  then, 
in  this  point  of  view,  ia  aa  cfifccti  of  the  unequal  contractiou  of  the 
earth's  matter. 
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Article  X. 

Magnetical   Olservations  at   Hackney  Wic-ii.     By  Col.  Beaufoy. 

Latitude,  5 10  32' 40-8"  North.      Loflgilude  West  in  Time  6"-i5^. 

1815. 
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Magnetical  Observations  continued, 
1815. 


Month. 

Morning  Observ. 

Noon  Observ. 

Evening  Observ. 

Hour. 

Variation. 

Hour. 

Variation. 

Hour. 

Variation. 

Aug.      1 
Ditto    2 
Ditto     3 
Ditto    4 
Ditto    5 
Ditto     6 
Ditto    7 
Ditto    8 
Ditto     9 
Ditto  10 
Ditto  11 
Ditto  12 
Ditto  13 
Ditto  14 
Ditto  15 
Ditto  16 
Ditto  17 

S"  20' 
8     40 
8     15 
8     25 
8     30 
8     25 
8    25 
8    25 
8     15 
8     15 
8     15 
8    20 
8     20 
8     20 
8    25 
8    35 
8    35 

240   16'    43" 
24     17     27 
24     15    53 
24     19    18 
24     16    40 
24     16    01 
24     14     24 
24     15    46 
24     17     41 
24    13    54 
24     15    34 
24     13    42 
24     15    09 
24     15     12 
24     17     24 
24     17     16 
24     17     13 

1"   25' 

24°  24'   49" 

h        ' 
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6    55 

24     18    58 

1     20 
1     30 
1     30 
1     25 
1     25 
1     30 
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94    27     23 
24    25     53 
24    25    09 
24    22    48 
24    25    24 
24    25    32 
24    25    00 
24    21     31 

6    50 
6     55 
6    55 
6    55 
6    55 
6    55 
6    55 

6    55 
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24     19    34 
24     17     32 
24     17     38 
24    20     11 
24     17     28 
24     19     24 
24     18    47 

24     18    38 
24     IS    42 

1     15 
1     45 
1     05 
1     25 
1     20 

24    21     12 
24    23     52 
24    25    40 
24    21     10 
24    23    25 

6    55 

24     17     26 
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Comparison  of  Observations^ 

rMorning  

<  Noon  .«■•. 

1813.                    1814. 

1815. 

April.... 

24<>   09'    18" 
24    21     12 
24     13    25 
24     12    02 
24    20    54 
24     13    47 
24     12    35 
24    22     17  ■• 
24     16    04 
24     14    32 
24    23    04 
24     16    43 

240   12'    53" 
24    23     53 
24     15    30 
24     13     12 
24    22     13 
24     16     14 
24     13     10 
24    22    48 
24     16     29 
24     13    29 
24    23    44 
24     17     00 

24°   16'    01" 
24    27     43 

1  Eveninff 

24     17     48 

May.... 

rMorning    

/  Noon 

24     16    32 
24    27     03 

24     19     12 

rMorning   

24    16    n 

24    27     18 

July  ... 

(^Evening    

rMorning    

J  "Moon 

24     19    40 
24     15    31 
24    25    45 

(^Evening 

24     19     42 

In  deducing  the  mean  of  the  observations  in  Jul}-,  the  morning 
and  noon  observations  are  rejected,  on  account  of  the  great  varia^ 
tion. 

July  30.— The  needle,  after  being  steady  for  several  weeks, 
vibrated  2'  15".  The  wind  blew  fresh  from  the  north,  and  the 
needle  has  continued  unsteady. 

_   .     -  ,,       (Between  noon  of  tlie  1st  July  )  ..Kno  :_,i, 
Ra,n  fallen  J  B^^^^^„  „„^„  „f  tj,^  ,^j  ^„|^^  I  509  ineb. 

Eraporation  dnring  the  same  period 3*65 

Since  the  instrument  was  constructed  with  which  these  observa- 
tions were  made,  Mr,  George  DoUond,  of  St.  Paul's  Church  Yard, 
has  so  much  improved  the  construction,  that  the  instrument  which 
he  now  makes  combines  the  advantages  of  a  theodolite,  transit,  and 
equal  altitude  instrument  and  variation  compass,  and  is  equally 
portable  with  mine. 


Article   XI. 

Analyses  of  Books. 

I.  Philosophical  Transactions  of  the  Royal  Society  of  London  for 

1815,  Part  /. 

This  volume  contains  the  nine  following  papers : — 
1.  Additional  Observations  on  the  Optical  Properties  and  Struc- 
ture of  heated  Glass  and  unannealed  Glass  Drops.  By  David 
Brewster,  LL.D.  F.R.S.  Edin.  and  F.A.S.  Edin— In  a  former 
paper  the  author  had  shown  that  glass,  when  heated,  acted  on  light 
like  crystallized  bodies;  and  that  Prince  Rupert's  drops  possessed  a 
similar  property.  On  examining  these  drops  carefully,  lines  were 
visible  in  them,  forming  imperfect  cleavages,  and  rendering  th? 
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crystalline  structure  more  evident.  The  specific  gravity  of  the  un- 
annealed  and  annealed  drops  \fa$  found  to  be  nearly  the  same, 
3'276',  allowance  being  made  for  the  cavities  contained  in  the  un- 
annealed  drops.  These  vacuities  are  occasioned  by  the  contraction 
of  the  internal  parts  of  the  drop  while  cooling.  They  disappear 
when  the  drop  is  heated  to  redness.  It  appears,  then,  that  heat 
produces  a  crystalline  structure  in  glass,  which  vanishes  as  the  glass 
cools. 

2.  Description  of  a  neiv  Imtrirment  for  performing  tnechanicnlly 
the  Involution  and  Evolution  of  Numbers.  By  Peter  M.  Roget, 
M.D. — This  instrument  consists  in  a  very  convenient  and  inge- 
niously contrived  sliding  rule,  which  must  be  useful  in  a  great 
variety  of  cases. 

3.  Experiments  on  the  Depolarization  of  Light,   as  exhibited  lij 
various  Mineral,  Animal,  and  Vegetable  Substances,  zvilh  a  refer- 
ence of  the  Phenomena  to  the  general  Principles  (f  Pohrization. 
By  Dr.  Brewster. — In  this  paper  Dr.  Brewster  gives  a  list  of  5S 
substances,  animal,  vegetable,  and  mineral,  which  depolarize  light  j 
and  of  53  substances,  which  have  no  effect  in  depolarizing  light. 
He  then  gives  what  he  calls  a  theory  of  the  depolarization  of  light. 
The  various  modes  in  which  bodies  depolarize  light  may  be  reduced 
to  seven.      1.  When  the  crystal  possesses  neutral  axes,  and  forms 
two  images  which  are  capable  of  being  rendered  visible,  as  in  cal- 
careous spar,  topaz,  &c.     In  this  case  he  shows  that  the  apparent 
depolarization  of  the  pencil  is  nothing  more  than  the  polarizing  of 
it  in  a  new  plane.     2.  When  the  crystal  possesses  neutral  axes,  and 
exhibits  only  a  single  image,  as  in  the  huinan  hair,  and  various 
transparent  Jilms.     This  he  considers  as  exactly  the  same  with  the 
first  case,  excepting  that  the  two  images  formed  by  the  human  hair, 
&c.  being  producer!  by  the  same,  or  nearly  the  same,  refractive 
power  cannot  be  rendered  visible  by  any  contrivance.    3.  VVhen  the 
crystal  has  no  neutral  axes,  but  depolarizes  light  in  every  position, 
as  in  gum  arable,  caoutchouc,  tortoise-shell,  &.c.     These  bodies  are 
comnosed  of  thin  plates  lying  above  each  other.     Eacli  of  these 
plates  possesses  neutral  axes,  and  depolarizing  axes.     But  as  these 
different  axes  do  not  coincrde  with  each  other  in  the  different  plates, 
the  consequence  is,  that  the  compound  body  depolarizes  in  every 
direction.     4.  When  there  is  an  approach  to  a  neutral  axis,  as  in 
gold-beaters'  skin,  &c.     In  this  case  the  body  is  composed  of  thin 
films,  like  the  preceding;  but  the  neutral  axes  of  each  are  nearly 
coincident.     5.  When  the  crystal  depolarizes  or  restores  only  a  part 
of  the  polarized  image,  as  in  afhn  from  sea  weed,  and  ajilm  from 
t1<e  partan  (crab).   He  considers  that  this  case  is  owing  to  the  bodies 
which  possess  this  property  being  partly  crystallized  and  partly  un- 
erystallized.     6.  When  the  crystal  depolarizes  luminous  sectors  of 
nebulous  light,  as  the  oil  of  inace.     How  the  halo  in  this  case  is 
produced,  he  does  not  attempt  to  explain  :  but  he  conceives  that  it 
necessarily  follows  from  the  phenomena  that  there  are  two  halbs  or 
nebulous  images,  the  one  lying  exactly  above  the  other,  and  Iwving 
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every  alternate  sector  polarized  in  an  opposite  manner.  7-  When 
the  crystal  restores  the  vanished  image,  but  allows  it  to  vanish  again 
during  the  revolution  of  the  calcareous  spar.  Every  body  which 
possesses  this  kind  of  depolarization  forms  either  n  bright  and  a 
nebulous  image,  or  a  single  image,  the  light  of  which  is  all  polar- 
ized in  the  same  manner. 

4,  On  an  Ebbing  and  Flowing  Stream^  discovered  ly  boring  in 
the  Harbour  of  Bridlington.  By  John  Storer,  ]\I.D. — In  the  year 
ISl  1  a  boring  was  made  in  the  liarbour  of  Bridlington,  in  order  to 
ascertain  the  thickness  of  the  bed  of  clay  which  constitutes  jt« 
bottom.  The  workmen  having  bored  through  28  feet  of  very  solid 
clay,  and  afterwards  through  1 5  feet  of  a  cretaceous  flinty  gravel  of 
a  very  concrete  texture,  the  auger  was  perceived  to  strike  against 
the  solid  rock.  As  they  were  unable  to  make  any  impression  upon 
this  rock,  tlie  work  was  given  up  for  that  tide,  without  any  appear- 
ance of  water.  But  the  pit  gradually  filled  with  fresh  water;  and 
when  the  tide  rose  within  49  or  50  inches  of  the  mouth  of  the  bore, 
this  water  overflowed,  and  continued  to  do  so  till  the  tide  had  ebbed 
so  as  to  be  49  or  50  inches  below  the  mouth  of  the  bore.  This  pit 
was  afterwards  converted  into  a  well,  and  it  continues  to  overflow 
with  the  same  regularity  as  at  first.  Mr.  Milne,  Collector  of  the 
Customs  at  Bridlington,  has  formed  the  following  theory  to  account 
for  this  curious  phenomenon.  The  bed  of  clay,  he  conceives,  ex- 
tends to  Smlthwick  sand,  which  forms  a  bar  across  the  opening  of 
tlie  bay,  about  four  miles  from  the  quay  in  a  south-easterly  direc- 
tion. The  rain  water  which  flows  below  this  clay  cannot  be  dis- 
charged till  it  arrives  at  the  ledge  of  rocks  where  the  clay  termi- 
nates. Its  issue  will  meet  with  more  or  less  resistance  according  to 
the  depth  of  the  sea  water.  Hence  +he  reason  why  the  well  over- 
flows every  tide.  There  is  a  circumstance  which  Dr.  Storer  thinks 
militates  against  this  hypothesis.  After  great  rains,  the  column  of 
spring  water  is  elevated,  and  the  discharge  prolonged  during  each 
tide.  He  thinks  the  subject  might  be  elucidated  by  a  more  perfect 
acquaintance  with  the  peculiarities  of  the  springs  on  this  part  of  the 
co:ist  v»hich  are  called  gipsies. 

5.  On  tlie  Effects  f if  simple  Pressure  in  producing  that  Species  of 
Cri/stallization  which  forms  two  oppositely  Polarized  Images,  and 
exhibits  the  complimentary  Colours  by  Polarized  Light.  By  Dr. 
Brewster. — The  author  found  that  calf's-foot  jelly  and  isinglas«, 
\yhen  first  gelatinized,  did  not  possess  the  property  of  depolarizing 
light;  but  tl\ey  gradually  acquired  it  by  keeping,  and  immediately 
by  pressure  between  two  plates  of  glass. 

(\.  Ejcpcrimunts  made  with  a  view  to  aseertain  the  Principle  on 
which  the  Action  of  the  Heart  depends,  and  the  Relation  which 
subftils  between  that  Organ  and  the  Nervous  Sysie7n.  By  A.  P. 
\\  ilson  Philip,  Pbysician  in  Worcester.— From  these  experiments 
it  appears  that  the  brain  or  spinal  marrow,  or  both  of  them,  may 
bo  removed  from  the  ijody,  or  destroyed  slowly,  without  impeding 
th<j  action  of  tb«  heart,  provided  artificial  respirauon  be  kept  up ; 
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that  when  stimuli  (alcohol,  opium,  tobacco,)  ai'e  applied  to  the 
brain  or  spinal  marrow,  the  action  of  the  heart  is  greatly  increased; 
and  that  when  the  brain  or  spinal  marrow  is  destroyed  at  once  by 
crushing  them,  the  action  of  the  heart  is  destroyed  or  impeded. 

7.  Experiments  to  ascertain  the  Influence  of  the  Spinal  Marrow 
en  the  Action  of  the  Heart  in  Fishes.  By  Mr.  William  Clift. — 
From  these  experiments  it  appears  that  the  heart  of  a  carp  continues 
to  beat  for  several  hours  after  the  pericardium  is  laid  open ;  that  if 
the  fish  be  left  in  the  water,  this  action  ceases  much  sooner  than  if 
the  fish  be  allowed  to  remain  quiet  in  the  open  air ;  that  the  spinal 
marrow  may  be  destroyed,  and  the  brain  removed,  without  injuring 
the  action  of  the  heart ;  but  that  this  action  is  somewhat  injured  by 
suddenly  destroying  the  brain. 

8.  Some  Experiments  and  Observations  on  the  Colours  used  in 
Painting  by  the  yhicients.  By  Sir  Humphry  Davy,  LL.D.  F.R.  S. 
—The  author,  while  in  Italy,  had  an  opportunity  of  examining 
some  pigments  found  in  the  baths  of  Titus,  and  some  dug  up  from 
Pompeii.  He  made  experiments  also  upon  the  fresco  paintings  in 
the  baths  of  Titus.  The  following  are  the  facts  which  he  ascer- 
tained:— 1.  The  ?•(? J  colours  employed  in  these  paintings  were  red 
lead,  vermilion,  and  iron  ochre.  2.  The  yellows  were  yellow  ochre, 
in  some  cases  mixed  with  chalk,  in  others  with  red  lead.  The 
ancients  likewise  employed  orpiment  and  massicot  as  yellow  paints. 
3.  The  blue  was  a  pounded  glass,  composed  of  soda,  silica,  lime, 
and  oxide  of  copper.  Indigo  was  likewise  employed  by  the  ancients, 
and  they  employed  cobalt  to  make  blue  glass.  4.  The  greens  were 
compounds  containing  copper;  sometimes  the  carbonate  mixed  with 
chalk,  sometimes  with  the  blue  glass.  In  some  cases  they  consisted 
of  the  gree7i  earth  of  Verona.  Verdigris  was  likewise  used  by  the 
ancients.  5.  The  purple  colour  found  in  the  baths  of  Titus  was 
either  an  animal  or  vegetable  substance,  perhaps  the  colouring 
matter  of  the  mtirex  combined  with  alumina.  6.  The  blasks  were 
carbonaceous  matter;  the  browns,  ochres  often  containing  manga- 
nese. 7.  The  whites  were  chalk  or  clay.  White  lead  was  known 
likewise  to  the  ancient  painters. 

9.  On  the  Laws  which  regulate  the  Polarization  of  Light  by 
Reflection  from  Transparent  Bodies.  By  Dr.  Brewster. — This 
paper  may  be  considered  as  a  treatise  on  the  subject.  The  author 
ascertained  by  experiment  that  the  index  of  refraction  is  the  tangent 
of  the  angle  of  polarization.  From  this  law  he  shows  how  all  the 
phenomena  may  be  deduced,  and  the  result  of  all  the  experiments 
determined  beforehand.  But  from  the  great  conciseness  of  the 
paper,  and  the  mathematical  dress  in  which  it  has  been  put,  it  is 
out  of  our  power  to  convey  to  our  readers  an  intelligent  abridg- 
ment of  it. 


II.  A  Treatise  on  the  Economy  of  Fuel  and  Management  of 
Heatf  especially  as  it  relates  to  Healing  and  Drying  by  means  of 
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Steam  :  in  four  Paris.  1 .  On  the  Effects  of  Heat,  the  Means  of 
measuring  it,  the  comparative  Quantity  of  Heat  produced  by  diffe- 
rent Kinds  of  Fuel,  Gas  Light,  ^c.  2.  On  heating  Mills,  Dwell- 
ing-houses, Baths,  and  Public  Buildings.  3.  On  drying  and  heat- 
ing by  Steam.  4.  Miscellaneous  Observations.  With  many  useful 
Tables.  Illustrated  by  Plates.  With  an  Appendix:  containing 
Observatiom  on  Chimney  Fire-places,  particularly  those  used  in 
Ireland — on  Stoves — on  Gas  Lights — on  Lime-Kilns — on  Furnaces 
and  Chimneys  used  for  rapid  Distillation  in  the  Distilleries  of  Scot- 
land— on  improved  Boilers  for  evaporating  Liquids.  By  Robertsoa 
Buchanan,  Civil  Engineer. — Glasgow,  1815. 

This  ample  title-page  is  sufficient  to  inform  the  reader  what  he 
may  expect  to  find  in  this  useful  little  work,  which  is  of  too  miscel- 
laneous a  nature  to  admit  of  an  analysis  within  any  reasonable  com- 
pass. The  most  valuable  part  of  it  consists  in  the  details  with  which 
it  furnishes  us  respecting  the  modes  of  warming  buildings  by  steam 
employed  by  manufacturers  in  different  parts  of  Great  Britain. 

III.  A  Practical  Treatise  on  Gas  Light ;  exhibiting  a  summary 
Description  of  the  Apparatus  and  Machinery  best  calculated  for 
Ilbiminating  Streets,  Houses,  and  Mamfactories,  ivith  Carbureted 
Hydrogen  or  Coal  Ga<; :  ivith  Remarks  on  the  Utility,  Safety,  and 
General  Nature  of  this  new  Branch  of  Civil  Economy.  By  Frede- 
rick Accum,  Operative  Chemist,  Lecturer  on  Practical  Chemistry, 
on  Mineralogy,  and  on  Chemistry  applied  to  the  Arts  and  Manu- 
factures, Member  of  the  Royal  Irish  Academy,  Fellow  of  the  Lin- 
naean  Society,  Member  of  the  Royal  Academy  of  Sciences  at 
Berlin,  &c.  &c. — London,  1815. 

This  contains  a  perspicuous  and  popular  view  of  the  subject,  and 
may  be  of  considerable  utility  to  those  who,  without  being  ac- 
quainted with  chemistry,  wish  to  have  some  general  notion  of  the 
nature  of  gas  lights. 
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{Continued  from  p.  149,) 

M.  Auguste  de  St.  Hilaire,  several  considerable  botanical  disser- 
tations by  whom  we  have  formerly  mentioned,  has  given  us  one  this 
year  on  diflereut  families  of  plants,  in  wliich  the  placenta,  that  is 
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to  say,  tlie  part  of  the  fruit  to  which  the  grains  adhere,  is  simple, 
and  placed  in  the  middle  of  the  fruit,  like  a  column  or  an  axis. 

When  the  summit  of  this  column  is  free,  the  way  by  which  the 
influence  of  the  pollen  is  transmitted  from  the  pistil  to  the  seeds, 
appears  to  be  very  comjjlicated,  and  to  be  by  means  of  vessels  which 
run  along  tlie  fruit  itself  to  penetrate  tlie  placenta  at  its  base,  and 
go  to  the  seeds  side  by  side  of  the  nourishing  vessels.  Such,  in 
fact,  is  the  direction  of  these  vessels  in  the  amurantacece,  according 
to  M.  de  St.  Hilaire.  But  this  observer  has  remarked  that  in  most 
plants  of  the  category  which  he  studies,  and  particularly  in  the 
prhmilacccB,  the  portulacccB,  the  cai-yopkyllece,  fecundation  takes 
place  in  a  more  direct  way.  For  this  purpose  there  exists  at  first 
very  fine  vessels,  proceeding  from  the  base  of  tlie  style  to  the 
summit  of  the  placenta.  These  filaments  are  destroyed  after  fecun- 
dation, and  then  only  the  summit  of  the  placenta  becomes  free. 

M.  de  St.  Hilaire  conceives  also  that  there  always  exists  a  point 
or  a  pore  different  from  the  umbilicus,  by  which  the  fecundating 
vessels  arrive  at  the  grain,  and  to  which  M.  Turpin,  as  we  have 
mentioned  in  one  of  our  preceding  reports,  has  given  the  name  of 
inicropile. 

The  part  of  M.  de  St.  Hilairc's  memoir  wtilch  is  purely  botanical 
presents  many  detailed  observations  (unfortunately  scarcely  suscept- 
ible of  analysis)  on  the  particular  characters  of  certain  plants  of  the 
families  that  he  examined,  some  of  which,  in  his  opinion,  ought  to 
serve  as  types  for  new  genera,  and  others  ought  to  pass  into  families 
different  from  those  iu  which  incomplete  observations  have  hitherto 
placed  them. 

The  pisang  plantain,  or  fig-tree  of  Adam,  is  an  herbaceous  plant 
of  the  height  of  a  tree,  very  remarkable  for  the  enormous  size  of 
its  leaves,  and  celebrated  for  the  utility  of  its  fruits,  which  furnishes 
to  the  inhabitants  of  the  torrid  zone  one  of  the  principal  articles  of 
their  food.  The  cultivation  of  it  has  multiplied  the  varieties  to  such 
a  degree,  that  there  are  probably  as  many  sorts  as  we  possess  of 
apples  or  pears  ;  and  it  is  equally  difiicult  to  distinguish  among 
them  the  primitive  specie?.  Accordingly  botanists  differ  very  much 
in  their  enumeration  of  the  species,  and  in  the  characters  which  they 
assign  to  them. 

M.  Desvaux,  who  has  collected  all  that  observers  say  of  the  dif- 
ferent plantains,  of  the  difference  of  their  fruits  and  of  their  uses, 
thinks  that  there  are  4t  varieties  in  the  common  species,  or  vntsa 
paradisiaca  oi  Linnteus;  and  three  distinct  species  of  this  plant, 
namely,  the  miisasnpienti/m,  Lin.  the  ^raisa  o(ci?iea,  pretty  common 
at  present  in  our  green-houses,  and  the  ensete,  described  by  Bruce 
in  his  Journey  to  the  Sources  of  the  Nile. 

The  fig  is  a  tree,  the  fruit  of  which  has  undergone  still  greater 
modifications  by  culture  than  the  plantain.  M.  le  Marquis  de 
Suffren,  who  lives  In  Provence,  a  country  anciently  celebrated  for 
the  goodness  of  its  figs,  perceiving  that  the  cultivators  and  pro- 
prietors are  far  from  knowing  all  the  good  varieties,  which  are  suit* 
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able  to  each  soil  and  each  exposure,  and  that  they  do  not  draw  fron^ 
that  precious  tree  all  the  advantages  which  might  be  obtained,  has 
undertaken  to  examine  and  describe  with  attention  the  different  figs 
cultivated  on  the  coasts  of  the  Mediterranean,  from  Genoa  to  Per- 
pignan.  He  has  alicady  collected  coloured  figures,  and  made  an 
exact  description,  of  i'J2  varieties;  and  his  general  review  is  not 
yet  terminated,  as  he  has  not  exhausted  the  whole  of  Provence,  and 
has  not  yet  visited  the  coast  of  Languedoc. 

The  part  of  this  undertaking  which  has  been  communicated  to 
the  Class  announces  a  work  which  will  be  very  useful  to  our  southera 
departments,  especially  if  the  author  add  the  requisite  details  re- 
specting the  leaves  and  buds,  and  if  he  complete  the  characters  by 
accurate  comparisons  of  the  different  varieties  with  each  other. 

M.  Thiebaut  de  Berneaux,  who  proposes  to  give  a  French  trans- 
lation of  the  works  of  Theophrastus,  and  who,  in  order  to  know 
more  accurately  the  plants  of  which  that  celebrated  successor  of 
Aristotle  has  spoken,  has  planned,  and  partly  executed,  journeys 
into  the  countries  where  these  vegetables  grow,  has  presented  to  the 
Class  some  of  the  results  which  he  has  already  obtained,  not  only 
respecting  the  species  indicated  by  Theophrastus,  bul  likewise  re- 
specting those  about  which  there  is  question  in  the  other  Greek  and 
Latin  authors. 

Thus  the  chara,  whicli  the  soldiers  of  Cjesar  discovered  so  hap- 
pily under  the  walls  of  Dyrrachium,  and  the  roots  of  which  pre- 
served them  from  famine,  deserves  to  be  ascertained.  At  present 
this  name  is  given  to  a  small  aquatic  plant,  which  certainly  is  not 
capable  of  nourishing  any  person :  and  respecting  the  chara  of 
Cassar,  there  are  almost  as  many  opinions  as  there  are  botanists  who 
have  attended  to  the  subject. 

M.  de  Berneaux,  after  having  examined  and  eliminated  success- 
ively all  these  opinions,  suggests  one,  oi'  which  CUivius  alone  had 
some  suspicion.  He  shows  that  the  chara  must  be  a  species  of 
cabbage,  and  thinks  that  it  was  the  plant,  known  at  present  by  the 
name  of  crambe  tartaria.  This  plant  grows  abundantly  in  the  en- 
virons of  Dyrrachium,  and  in  all  Hungary  and  Turkey.  Its  roots 
are  very  long  and  large,  firm,  and  of  a  good  taste,  which  are  eateu 
both  raw  and  boiled  in  all  the  countries  of  which  we  have  spoksn^ 
and  which  are  of  great  importance  in  times  of  scarcity. 

Several  Latin  authors  distinguish  by  the  name  of  ulva  different 
marshy  plants ;  but  they  distinguish  particularly  by  that  name  one 
plant,  which  furnishes,  they  say,  excellent  food  for  sheep.  As 
among  aquatic  plants  there  is  scarcely  any  other  than  the  J'estuca 
Jluitans,  which  is  sought  after  by  sheep;  and  as  this  grass  covers  8 
great  part  of  the  marshes  in  Italy,  M.  de  Berneaux  conceives  that 
it  constitutes  that  peculiar  species  of  idva.  He  shows  tha,t  all  the 
passages  in  which  it  is  mentioned  apply  very  well  to  the  festuca- 
i  le  shows  also  that  this  is  the  grass  which  Theophrastus  and  the 
Greeks  distinguished  by  the  name  of  typha. 

'J'lier  ancients  boast  much  (.'f  the  useful  properties  oi  the  cytjsus ; 
Vol..  VI.  N^  HI.  P 
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but  they  describe  it  only  imperfectly ;  and  the  moderns  have  formed 
different  opinions  respecting  the  plant  to  which  the  name  should  be 
applied.     Some  have  supposed  it  to  be  the  medicago  arlorea.     M. 
de  Berneaux,  who  has  made  an  elaborate  examination  of  the  sub- 
ject, thinks  that  it  is  the  cytisus  laburnum.     But  as  Pliny  speaks 
clearly  of  this  tree  under  the  name  of  laburnum,  and  as  he  con- 
siders it  as  different  from  the  cytisus  ;  and  as  some  parts  of  the  de- 
scription which  Dioscorides  gives  of  the  cytisus  does  not  agree  with 
it  entirely;  it  would  seem  that  M.  de  Berneaux'  opinion  on  this 
subject  is  still  attended  with  difficulties.     What  is  always  of  great 
importance  in  such  discussions,  neither  Pliny  nor  the  other  ancient 
naturalists  were  so  accurate  that  they  may  not  sometimes  speak  of 
the  same  plant  under  different  names,  or  of  different  plants  under 
the  same  name.  , 

M.  Dutrochet,  a  physician  at  Chateau-Renaud,  interesting  obser- 
vations by  whom  on  the  egg  of  the  viper  we  mentioned  in  1812, 
lias  generalized  his  researches,  and  has  presented  the  results  to  the 
Class  in  a  memoir  on  the  envelopes  of  the  foetus.  We  shall  here 
communicate  some  of  the  propositions,  remarking  that  they  have 
not  yet  been  constated  by  the  Institute,  because  circumstances  did 
not  permit  them  to  investigate  the  subject  in  tiie  season  which  would 
have  been  suitable  foi'  the  purpose ;  yet  an  extract  of  this  memoir 
must  be  gratifying  to  physiologists,  and  may  occasion  new  observa- 
tions on  a  subject  obscure,  though  interesting. 

The  author  says  that  he  has  observed  that  at  first  the  foetus  en- 
closed in  the  egg  has  an  opening  at  its  abdominal  walls  and  its 
amnios,  through  which  passes  an  extension  of  the  bladder,  which 
forms  the  chorion  and  the  middle  membrane  ;  so  that  the  umbilical 
vessels  are  only  a  production  of  those  of  the  bladder.     According  to 
him,  the  egg  of  reptiles  Is  a  vitellus  deprived  of  albumen,  and  in 
the  viper  the  membrane  of  the  cock  of  an  extreme  thinness  disap- 
pears about  the  middle  of  the  gestation,  and  then  the  naked  chorion 
contracts  adhesions  with  the  oviducts  without  forming  a  true  pla- 
centa.    Thus  this  membrane  of  the  cock  would  be  analogous  to  the 
membrana  cadnca  of  niammiferous  animals.     He  affirms  that  the 
tadpole  does  not  throw  off  its  skin  in  order  to  undergo  a  metamor- 
phosis, but  that  the  anterior  feet  pierce  that  skin,  that  the  jaws  tear 
it,  and  the  openings  cicatrize.     The  egg  of  the  frog,  and  of  this 
class  of  animals  in  general,  is  a  vitellus,  the  emulsive  matter  of 
■which  is  contained  in  the  intestine  itself,  which,  at  first  globular,  is 
elongated  by  degrees  in  a  spiral  tube,  such  as  we  see  it  in  the  tad- 
pole.    M.  Dutrocliet  has  likewise  very  particular  ideas  about  the 
respiration  of  the  foetus,  and  particularly  about  the  bronchia?  of 
tadpoles,  which  he  considers  as  placed  in  the  cavity  of  the  tym- 
panum.    We  sliall  speak  of  them  at  greater  length  when  it  shall  be 
in  our  power  to  verify  them^  and  to  throw  some  light  on  their 
nature. 

Comparative  anatomy  had  not  determined  the  nature  of  the  re- 
spiratory organs  of  the  cloportee.     It  was  known  that  these  animals 
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have  ai)  analogous  structure  with  crustaceous  animals.  There  was 
reason  to  believe  that  the  plates  placed  under  their  skin  u'ere  sub- 
servient to  their  respiration,  as  they  are  in  the  fresh  water  shrimps^ 
which  approach  very  nearly  to  the  cloportse.  But  the  fact  remained 
to  be  established,  and  an  apparatus  remained  to  be  shown,  either  at 
their  surface,  or  in  their  interior,  proper  for  this  function. 

M.  Latieille,  Correspondent,  who  has  been  lately  named  a 
member  of  the  Class,  has  filled  up  this  gap  in  zoology.  He  has 
shown  on  four  of  the  plates  in  question  a  little  yellow  part,  pierced 
with  a  hole,  and  containing  within  it  small  filaments,  a  part  which 
he  compares  to  those  which,  though  differently  placed  in  the  spiders 
and  scorpions,  have,  however,  an  analogous  structure,  and  fulfil  the 
same  function.  However,  notwithstanding  this  partial  resemblance, 
and  notwithstanding  the  existence  of  a  sort  of  spinning  apparatus, 
which  he  has  observed  in  the  cloporta?,  and  which  is  analogous  to 
that  of  the  spiders,  M.  de  Latreille  still  leaves  the  cloportae  among 
the  crustaceous  animals,  on  account  of  the  much  more  numerous 
relations  which  they  have  to  that  class. 

The  insects  have  for  a  long  time  been  divided  into  two  categories, 
according  to  the  structure  of  their  mouth  ;  one  set  having  jaws  well 
developed,  and  capable  of  dividing  solid  food  ;  and  anotiier  having 
only  a  kind  of  sucker,  fit  only  to  draw  in  liquids.  There  are  some 
insects  which  at  different  periods  of  their  life  have  each  of  these 
forms  of  mouth,  and  which  become  suckers  in  their  perfect  state; 
though  they  were  bruisers  or  chewers  in  their  state  of  larvse.  Such, 
for  example,  are  the  butterflies,  which  employ  for  nourishment  a 
double  trump,  usually  in  a  spiral  form,  which  they  unroll  to  intro- 
duce into  the  bottom  of  the  corolla  of  flowers,  and  to  suck  up  the 
nectar  there  contained.  While  the  caterpillars,  which  are  merely 
butterflies  not  yet  developed,  have  mouths  armed  with  strong  man- 
dibles, with  which  they  cut  the  hardest  leaves.  It  was  believed  that 
the  caterpillar,  on  assuming  the  wings,  the  long  feet,  the  beautiful 
antennae  of  the  butterfly,  assumed  also  its  trump,  and  lost  entirely 
its  jaws. 

M.  Savigny,  Member  of  the  Institute  of  Egypt,  has  proved  by 
delicate  and  long  continued  researches  that  this  is  not  entirely  the 
case;  but  that  Nature  in  this  circumstance,  as  in  many  others, 
confines  herself  to  diminish  certain  parts,  and  to  increase  others, 
and  that  she  arrives  at  eflects  entirely  opposite  by  this  simple  change 
of  proportions.  He  has  discovered  "at  tiie  bottom  of  the  trump  of 
butterflies  two  organs  exceedingly  small,  hut  which  represent  the 
mandibles  of  the  caterpillars.  At  the  back  of  the  support  of  this 
same  trump  he  has  found  two  very  small  threads,  which  appear  to 
him  analogous  to  the  maxillary  palpte ;  so  that  the  two  plates  of 
which  the  trump  is  composed  are,  according  to  M.  Savigny,  the 
extremely  elongated  points  of  the  maxillae,  that  is  tq  say,  of  the 
inferior  pair  of  jaws.  Finally,  the  great  palpaj  known  to  all  natu- 
ralists are  the  palpfe  of  the  inferior  lip.    The  two  small  maxillary 
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palpsB  had  been  already  observed  in  sdme  moths ;  but  it  is  to  M. 
Savigny  that  we  owe  the  knowledge  that  they  exist  in  the  whole 
family.  This  skilful  observer  hon  likewise  established  a  marked 
analogy  between  the  silk  and  some  other  small  parts  which  usually 
accompany  the  sucker  of  insects  with  two  wings,  and  the  mandibles 
and  maxilltfi  of  chewing  insects ;  so  that  the  structure  of  this  nu- 
merous class  of  animals  offlis  in  this  important  part  of  its  organiza- 
tion an  uniformity  niore  satisfactory  than  had  been  hitherto  sup- 
posed. 

M.  Savigny  has  likewise  examined  tlie  mouth  of  insects  which 
join  to  jaws  evidently  discoverable  as  such  a  trump  formed  by  the 
prolongation  of  the  under  lip.  The  most  remarkable  of  these  insects 
are  the  bees.  It  was  supposed  that  the  opening  of  the  pharynx  was 
situated  below  this  trump  and  that  lip,  while  in  the  ordinary  chewers 
it  is  situated  above.  But  this  was  a  mistake.  The  pharynx  is  always 
on  tlie  base  of  the  trump,  and  it  is  even  environed  with  parts  inte- 
resting to  know,  and  of  which  M.  Savigny  has  given  a  description. 
His  memoir  is  destined  for  the  great  work  on  Egypt,  the  termina- 
tion of  which  we  shall  soon  owe  to  the  generous  munificence  of  the 
King. 

M.  Cuvier  has  examined  another  class  of  animals,  whose  mouth 
presents  likewise,  at  least  in  appearance,  numerous  anoinalies ; 
tamely,  fishes.  We  find  in  them  at  bottom  all  the  parts  which 
"belong  to  the  mouth  of  quadrupeds  ;  but  some  of  them  are  more 
subdivided,  and  a  part  of  their  subdivisions  are  sometimes  reduced 
to  so  small  a  size,  that  they  cannot  fulfil  their  functions,  and  that  it 
is  even  difficult  to  perceive  them.  By  far  the  greater  number  of 
iishes  have  intcrmaxillaries  and  maxillaries  that  are  very  visible  ;  but 
these  bones  differ  much  from  each  other  in  proportion.  The  maxil- 
laries especially  sometimes  make  a.  part  of  the  border  of  the  jaw, 
and  carry  the  teeth ;  sometimes  they  are  placed  more  behind,  and 
carry  no  teeth ;  from  which  circumstance  ichthyologists  have  not 
recognized  them  for  wliat  they  are,  but  have  called  them  mysfacea 
or  labial  bones.  These  differences  furnish  the  author  with  generic 
characters  very  convenient  for  forming  a  niore  natural  distribution 
of  the  species;  but  they  cannot  serve  to  distinguish  the  orders.  For' 
this  last  object  M.  Cuvier  has  recourse  to  more  striking  differences, 
such  as  the  coalition  or  sector  of  the  maxillaries  to  the  intcrmaxil- 
laries, which  takes  place,  for  example,  in  the  tetradons,  the  coffres, 
the  talistcp ;  or  the  disappearing  of  the  one  or  the  other,  and  the 
obligation  in  which  Nature  is  to  employ  the  palatine  bones  to  form 
the  upper  jaw.  This  we  observe  in  the  ray,  the  shark,  and  the 
other  chondropferigi(s. 

The  author  was  unable  to  disco\'er  other  characters  thgn  these  to 
establish  a  first  distribution  of  the  class  of  fishes.  In  consequence, 
he  places  among  ordinary  fishes  the  genera  which,  baring  the  sattie 
structure  of  mouth  and  bronchitP,  had,  however,  been  placed 
among  cartilaginous  fishes,  on  account  of  some  singularities  in  their 
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external  form,  or  because  their  skeleton  hardens  a  little  more  slowly 
than  the  others.  Such  are  the  centriiques,  the  baudroyes,  tlte 
cyclopteres,  the  lepadogasteres,  &c. 

M.  Cuvier  has  founded  on  these  views,  and  on  other  similar  ones, 
the  peculiar  method  according  to  which  the  fishes  will  be  arranged 
in  the  work  which  he  is  preparing  on  comparative  anatomy. 

The  same  naturalist  has  presented  to  the  Class  researches  on  a 
pretty  considerable  number  of  fishes  which  he  has  observed  in  three 
journeys  made  at  tiiree  diflerent  times  on  the  coast  of  the  Mediter- 
ranean. Some  of  them  are  new ;  some  of  them  had  been  wrong 
placed,  or  wrong  named,  by  authors.  Several  have  offered  inte- 
resting observations  relative  to  their  structure,  or  occasioned  the 
establishment  of  new  genera,  or  the  subdivision  of  old  genera. 
These  details  cannot  enter  into  a  report  of  this  kind  ;  but  naturalists 
will  find  them  in  the  first  volume  of  the  Memoirs  of  the  Museum 
of  Natural  History,  of  which  a  part  has  already  appeared. 


Article  XIII. 
SCIENTIFIC  intelligence;  and  notices  of  sunJEcrs 

CONNECTED  WITH  SCIENCE. 

I.  Lectures. 

Medical  Theatre,  St.  Bartholomew's  Hospital. — The  following 
Courses  of  Lectures  will  be  delivered  at  this  theatre  during  the 
ensuing  winter  : — On  the  Theory  and  Practice  of  Physic  ;  by  Dr. 
Hue. — On  Anatomy  and  Physiology  ;  by  Mr.  Abernethy. — On  the 
Theory  and  Practice  of  Surgery ;  by  Mr.  Abernethy. — On  Che- 
mistry; by  Dr.  Hue. — On  Midwifery;  by  Dr.  Gooch. — Anatomical 
Demonstrations ;  by  Mr.  Stanley.  The  Anatomical  Lectures  will 
commence  on  Monday,  Oct.  2,  at  two  o'clock. 

Medical  School  of  St.  Thomai^s  and  Guy's  Hospitals. — The 
Autumnal  Courses  of  Lectures  at  these  adjoining  Hospitals  will 
commence  the  beginning  of  October,  viz.: 

At  St.  Thomas's. — Anatomy  and  the  Operations  of  Surgery  ;  by 
Mr.  Astley  Cooper  and  Mr.  Henry  Cline. — Principles  and  Practice 
of  Surgery  ;  by  Mr.  Astley  Cooper. 

At  Guy's. — Practice  of  Medicine  ;  by  Dr.  Babington  and  Dr. 
Curry. — Chemistry ;  by  Dr.  Babington,  Dr.  Marcet,  and  Mr. 
Allen.— Experimental  Philosopliy;  by  Mr.  Alien. — Theory  of  Me- 
dicine, and  Materia  Medica ;  by  Dr.  Curry  and  Dr.  Cliolmeley  — 
Midwifery,  and  Diseases  of  Women  and  Children;  by  Dr.  Haigh- 
ton. — Physiology,  or  Laws  of  the  Animal  Economy;  by  Dr. 
Haighton.— Structure  and  Diseases  of  the  Teeth  ;  by  Mr,  Fox. 

N.  B.  These  several  lectures  are  so  arranged,  that  no  two  of  them 
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interfere  in  the  hours  of  attendance ;  and  the  whole  is  calculated  to 
form  a  complete  Course  of  Medical  and  Chirurgical  Instruction. 

Dr.  Clutterbuck  will  begin  his  Autumn  Course  of  Lectures  on 
the  Theory  and  Practice  of  Physic,  Materia  Medica,  and  Chemistry, 
on  Wednesday,  Oct.  4,  at  ten  o'clock  in  the  morning,  at  his  house. 
No.  1,  in  the  Crescent,  New  Bridge-street,  Blackfriars. 

Dr.  Clarke  and  Mr.  Clarke  will  commence  their  Lectures  on 
Midwifery,  and  the  Diseases  of  Women  and  Children,  on  Wed- 
nesday, Oct.  5.  The  lectures  are  read  every  morning  from  a 
quarter  past  ten  to  a  quarter  past  eleven,  for  the  convenience  of 
itudents  attending  the  hospitals. 

n.   New  Mode  of  manufacturing  Hemp  and  Flax. 

About  two  years  ago  Mr.  Lee  took  out  a  patent  for  obtaining 
hemp  and  flax  directly  from  the  plants  by  a  new  method.  He  has 
established  a  manufactory  for  the  purpose  at  Old  Bow,  on  the  river 
Lea,  near  London,  where  his  method,  and  the  result  of  it,  may  be 
seen.  I  consider  Mr.  Lee's  invention  as  the  greatest  improvement 
ever  introduced  into  the  linen  business,  and  as  likely  to  occasion  a 
total  change  in  the  whole  of  our  bleach-tields.  Hitherto  the  only 
way  of  obtaining  hemp  and  flax  has  been  to  steep  the  plants  in  water 
till  they  begin  to  rot.  They  are  then  exposed  for  some  days  to  the 
sun  spread  out  upon  the  grass,  after  which  the  woody  part,  now 
become  very  brittle,  is  removed  by  the  flax  mill,  the  nature  of 
which  is  too  well  known  to  require  any  description.  By  these  pro- 
cesses the  fibres  of  the  flax  are  weakened,  and  a  considerable  portion 
of  them  is  altogether  destroyed  and  lost.  The  flax,  too,  acquires 
a  greenish  yellow  colour,  and  it  is  well  known  that  a  very  expensive 
and  tedious  bleaching  ])rocess  is  necessary  to  render  it  white.  Mr. 
Xiee  neither  steeps  his  flax,  nor  spreads  it  on  the  grass.  When  the 
plant  is  ripe,  it  is  pulled  in  the  usual  way.  It  is  then  thrashed,  by 
placing  it  between  two  grooved  wooden  beams  shod  with  iron.  One 
of  these  is  fixed  ;  the  other  is  suspended  on  hinges,  and  is  made  to 
impinge  with  some  force  on  the  fixed  beam;  the  grooves  in  the  one 
beam  corresponding  with  flutes  in  the  other.  By  a  mechanical 
contrivance  almost  exactly  similar,  the  woody  matter  is  beaten  oft', 
and  the  fibres  of  flax  left.  By  passing  these  through  hackles,  vary- 
ing progressively  in  fineness,  the  flax  is  very  speedily  dressed,  and 
rendered  proper  for  the  use  for  which  it  is  intended.  The  advan- 
tages of  this  process  are  manifold,  The  expense  of  steeping  and 
spreading  is  saved;  a  much  greater  produce  of  flax  is  obtained  ;  it 
is  much  stronger  ;  the  fibres  may  be  divided  into  much  finer  fibres, 
so  as  to  obtain  at  once,  and  in  any  quantity,  flax  fine  enough  for 
the  manufacture  of  lace.  But  the  greatest  advantage  of  all  remains 
yet  to  be  stated.  Flax  manufactured  in  this  manner  requires  only 
to  be  washed  in  pure  water  in  order  to  become  white.  The  colour- 
ing matter  is  not  chemically  combined  with  the  fibre,  and  therefore 
is  removed  at  once  by  water.  It  is  the  steeping  of  the  flax  and  hemp, 
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•which  unites  the  colouring  matter  with  the  fibres,  and  renders  the 
subsequent  bleaching  process  necessary.  Thus,  by  Mr.  lice's 
process,  flax  and  hemp  are  obtained  in  much  greater  quantity,  of 
much  stronger  quality,  and  much  finer  in  the  fibre  than  by  the 
common  method,  and  tlie  necessity  of  bleaching  is  altogether 
superseded.  The  great  importance  of  such  an  improvement  must 
be  at  once  obvious  to  every  one. 

III.  Thermometer. 

(To  Dr.  Thomson.) 
MY  DEAR  SIR,  Julg  24,  1815. 

In  consequence  of  a  bill  that  is  coming  before  the  House  of 
Commons  tor  the  universal  regulation  of  weights,  I  beg  leave  to 
suggest,  through  your  Journal,  my  ideas  for  the  regulation  of  the 
thermometer  and  pyrometer,  which  is  so  different  as  to  require, 
when  reading  off  various  temperatures,  some  calculation  before  you 
can  perfectly  understand  it ;  beside  the  liability  of  mistake  that  may 
arise  from  quoting  diftisrent  thermometers,  as  Fahrenheit,  Reaumur, 
&c.  My  ideas  on  the  subject  are  for  all  thermometers  to  begin  with 
0,  or  zero,  for  water  just  freezing  (as  1  do  not  see  any  reason  why  it 
should  be  called  32°),  and  continue  it  down  to  mercury  freezing, 
and  upwards  to  water  boiling,  which  might  be  called  200°,  as  there 
would  then  be  only  20°  difference  between  the  present  nominal 
temperature  of  boiling  water  and  the  new  one  5  and  also  to  continue 
it  upwards  as  high  as  mercury  would  admit,  which,  for  example, 
say  500°.  The  pyrometer  (Wedgwood's)  might  then  commence  by 
calling  the  first  degree  1°,  equal  to  501°  of  the  mercurial.  The 
degrees  of  temperature  would  be  then  understood  by  tiie  mere 
number  written,  without  the  addition  of  Fahrenheit  or  Reaumur, 
&e.  and  the  higher  degrees  would,  by  comparison  with  the  numbers 
of  the  lower,  be  easier,  as  the  equivalent  of  Fahrenheit  to  any  de- 
gree, say  50°  of  Wedgewood,  is  known  to  very  few.  I  think  it  might 
perhaps  be  an  improvement  to  make  the  mercurial  thermometers  in 
two  scales;  that  is,  one  up  to  220°,  or  thereabouts,  for  common 
purposes ;  and  the  other  to  500°,  or  any  other  number  that  may  be 
thought  proper.  I  merely  beg  leave  to  suggest  the  above  ideas,  as 
I  am  thoroughly  aware  it  must  be  a  matter  of  courtesy  whether  the 
foreign  chemists  will  adopt  it,  when  made,  in  preference  to  Reaumur 
or  Celsius;  as  the  great  use  of  the  improvement  would  be  materially 
done  away  with  by  their  refusing  the  use  of  it;  and  1  know  no 
means  so  likely  to  bring  it  into  use  as  coming  from  you,  through  the 
medium  of  your  Annals  of  Philosophy.  If  you  consider  the  above 
remarks  worthy  a  place  among  a  number  of  far  more  worthy  papers, 
I  shall  feel  myself  honoured  by  your  compliance. 

I  remain,  Sir,  yours  respectfully, 

ii.  w. 

P.S.  In  a  paper  which  I  sent  you  some  time  since,  I  promised 
some  experiments  with  regard  to  the  nature  of  bees,  wasps,  and 
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hornets,  which  I  have  not  yet  h^d  time  to  complete,  except  with 
respect  to  liornets.  Their  cells  1  have  every  reason  to  suppose  are 
composed  of  a  single  layer  or  division  only  ;  for  as  they  are  made  of 
large  pieces  (about  the  size  of  a  pin's  head)  of  rotten  wood,  the 
same  pieces  may  be  seen  on  both  sides  of  the  cell ;  wliich  refutes 
Dr.  Barclay's  ideas  of  their  being  composed  of  two  layers  stuck 
together  by  an  animal  glue. 

Tlie  different  graduation  of  thermometers  in  various  countries  is 
certainly  an  inconvenience;  but,  like  the  different  weights  and 
measures,  it  is  an  inconvenience  hardly  capable  of  being  remedied. 
Falirenheit  was  the  first  person  who  employed  mercury  in  tliermo- 
meters,  and  who  made  them  accurately  corresponding  with  each 
other.  His  two  fixed  points  were,  the  temperature  of  boiling  water, 
and  the  temperature  produced  by  mixing  together  snow  and  sal- 
ammoniac.  He  conceived  tlie  mercury  to  be  divided  into  11,124 
parts  when  surrounded  with  snow  and  sal-ammoniac.  When  put 
into  boiling  water,  he  found  that  it  expanded  so  much  as  to  l)e  equal 
to  11,124  +  212  parts.  On  that  account  he  divided  the  interval 
between  the  two  points  into  212  parts  or  degrees.  He  marked  the 
lowest  0,  and  the  otlicr  212  ;  so  that  the  degrees  of  Fahrenheit 
denote  not  only  tlie  temperature,  but  the  expansion,  of  mercury 
from  his  zero  to  the  point  indicated.  Thus  32°  is  the  freezing  point 
of  water,  and  -xtW  '^  *^'^  expansion  which  the  mercury  undergoes 
when  heated  fiom  0  to  32°.  This  indication  of  the  expansion  is  an 
advantage  which  no  other  thermometrical  scale  possesses;  and  ought, 
I  think,  to  induce  us  to  pause  before  we  resolve  to  lay  it  aside.  The 
decimal  scale  wants  tliis  advantage,  though  it  possesses  some  others 
of  considerable  importance.  De  Luc  informs  us,  in  his  Recherches 
sur  les  Modifications  de  I'Atmosphere  (t.  i.  p.  343),  that  what  is  at 
present  called  the  centigrade  thermometer  was  in  common  use  in 
London  when  he  wrote.  His  book  was  published  in  1/72.  If  this 
was  the  case,  it  would  be  curious  to  know  what  induced  the  British 
philosophers  to  abandon  it.  1  cannot  find  that  any  such  thermometer 
is  employed  by  the  writers  in  the  Philosophical  Transactions. 

The  only  possible  means  of  changing  our  thermometer  would  l)e 
to  persuade  the  makers  to  alter  the  graduation.  If  both  the  cen- 
tigrade and  Fahrenheit  divisions  were  marked  on  the  scale,  I  think 
jt  would  be  an  improvement. 

IV.  Chemical  Nomenclature. 

(To  Dr.  Thomson.)  , 

SIR,  / 

As  a  philosophical  journalist,  you  are  in  some  degree  invested  with 
the  character  of  arbiter  of  technical  nomenclature;  and  as  cliemists 
are  indebted  to  you  for  the  introduction  of  the  useful  terms  prot- 
oxide, &c.  you  may  do  some  good  by  protesting  against  the  intro- 
duction of  similar  terms  leading  to  confusion  instead  of  perspicuity. 
I  mean  /^rosulphate,  p/ochloride,  &c.     Surely  writers  need  pot  be 
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so  sparing  of  their  pens  as  to  omit  the  short  syllable  which  would 
give  the  word  its  true  meaning  :  proto  is  intelligible  :  the  other  may 
be  taken  for  the  Latin  word  pro.  In  another  respect,  however,  the 
term  is  objectionable  ;  for  even  if  written  pro/osulphate,  it  would 
seem  to  denote  a  subsulphate,  though  it  is  meant  to  stand  for  sul- 
phate of  protoxide.  A  regular  use  of  the  modern  self-explanatory 
nomenclature  is  extremely  useful :  a  careless  use  of  it  renders  the 
terms  worse  than  arbitrary. 

Are  you  aware  that  the  word  complement  has  sometimes  the  word 
compliment  substituted  for  it  in  the  Annals  :  also  the  word  radicle, 
for  radical?  It  would  puzzle  a  botanist  to  find  radicle  applied  to 
muriatic  acid  ;  though  radical,  an  adjective,  used  substantively, 
would  at  once  be  understood  to  mean  the  radical  base. 

Your  obedient  servant, 

SPECULATOK. 

If  my  Correspondent  pay  the  requisite  attention  to  the  present 
fondness  for  new  iivrds,  l)y  which   chemists  and  mineralogists  in 
general  are  actuated,  he  will  speedily  be  convinced  that  any  remon- 
strance on  my  pait  would  have  little  effect  in  stemming  the  current. 
The  terms  prosulpkaie,  persulphate,  &c,  do  not  strike  me  as  so 
objectionable  as  they  do  my  Correspondent.     It  is  now  well  known 
tliat  in  a  great  variety  of  cases  more  tlian  one  oxide  of  the  same 
metal  is  capable  of  combining  with  acids.  Tiius  both  the  black  and 
the  red  oxide  of  iron  combine  with  sulphuric  acid.     It  is  necessary 
to  distinguish  each  of  these  salts  by  a  name;  and  no  mode  seems 
simpler  or  more  natural  than  to  prefix  to  the  old  name  of  the  salt 
the  first  syllable  of  the  respective  names  of  the  oxides.    If  the  black 
oxide  of  iron  be  called  protoxide,^  then  the  combination  of  it  with 
sulphuric  acid  may  be  known,  without  ambiguity,  by  taking  its  first 
syllable  pro  and  prefixing  it  to  sulphate  of  iron.  Prosulphate  of  iron 
means  a  compound  of  sulphuric  acid  and  protoxide  of  iron.     Proto- 
sulphate  of  iron  I  think  more  objectionable,  because  proto  is  not  the 
first  syllable  of  the  word  protoxide.   In  like  manner,  the  persulphate 
of  iron  means  a  combination  of  sulphuric  acid  with  the  peroxide  or 
red  oxide  of  iron.     When  various  proportions  of  an  acid  combine 
with  a  base,  it  is  now  known  that  these  proportions  follow  a  very 
simple  law.     If  we  suppose  the  quantity  of  base  fixed,  then  the 
quantities  of  acid  in  the  super  salts  are  multiples  of  the  quantity  in 
the  neutral  salt ;  namely,  double  or  quadruple.     Thus  in  sulphate 
of  potash,  if  we  denote  the  base  by  a,  and  the  acid  by  h,  the  com- 
position of  supersulphate  of  potash  will  he  a  +  2  h.    What  is  called 
subcarbonate  of  potash  is  composed  of  a  +  /;  (a  being  the  base,  h 
the  acid),  and  the  crystallized  carbonate  of  o  +  2  b.     Hence  we 
have  a  simple  mode  of  distinguishing  these  salts.  Let  the  salt  com- 
posed of  a  +  /;  be  simply  designated  by  the  old  name,  as  sulphate 
of  potash,  carbonate  of  potash  :  let  the  salt  composed  oi  a  -^  2  b 
be  distinguished  by  prefixing  the  syllable  his,  or  hi,  or  bin  ;  thus. 
bisttlphate,  bicarbonate,  hinoxalate.     By  using  Latin  terms  for  such 
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combinations,  while  Greek  terms  are  employed  for  the  combina- 
tions of  tlie  different  oxides,  all  ambiguity  is  avoided.  Both  these 
modes  of  naming  1  have  employed  in  the  tables  of  the  salts  pub- 
lished in  the  preceding  numbers  of  the  Annals  of  Philosophy. 

V.  Howard's  Nomenclature  of  Clouds. 

The  same  Correspondent  suggests  the  necessity  of  giving  an  ex- 
planation of  the  terms  employed  by  Mr.  Howard  in  his  Meteorolo- 
gical Journal  to  denote  the  various  modifications  of  the  clouds.  I 
beg  leave  to  inform  him  that  this  has  been  done  already.  He  will 
find  it  in  the  Annals  of  Philosophy y  vol.  i.  p.  80. 

For  an  explanation  of  the  term  polarization,  which  he  also  re- 
quests, I  refer  him  to  the  Annals,  vol.  i.  p.  302,  where  he  will  find 
one  already  given. 

VI.    New  Amalgam  of  Mercury. 

I  lately  received  the  following  piece  of  information  in  a  letter 
from  M.  Van  Mons  :— 

"  M.  Dobereiner  decomposed  water  in  contact  with  mercury  by 
means  of  the  galvanic  battery.  Oxygen  was  evolved  at  the  positive 
pole,  but  no  hydrogen  from  the  negative  pole,  Instead  of  it  there 
was  formed  a  solid  amalgam  of  mercury,  not  decomposed  by  agita- 
tion ;  but,  when  heated,  resolved  into  running  mercury  and  hy- 
drogen gas.  M.  Dobereiner  considers  hydrogen  gas  as  a  metal  dis- 
solved in  caloric,  and  constantly  in  a  state  of  expansion.  The 
absence  of  caloric,  and  the  nascent  state  of  the  hydrogen,  enable  it 
in  the  above  experiment  to  amalgamate  with  mercury. 

"  M.  Dobereiner  has  likewise  made  sulphur  undergo  consider- 
able changes,  having  obtained  it  in  the  form  of  a  blue  powder, 
similar  to  ultramarine,  by  depriving  it  of  its  hydrogen  by  means  of 
a  process  which  he  does  not  describe.  Phosphorus  changes  into  a 
scaly  matter,  having  the  brilliancy  and  colour  of  gold  when  burnt 
under  a  glass  while  exposed  to  the  direct  rays  of  the  sun." 

VII.  New  Galvanic  Experiment. 

(To  Dr.  Thomson.) 
SIR, 

The  following  experiment  on  animal  galvanism  to  me  is  per- 
fectly new;  if  it  should  be  so  to  you,  perhaps  you  will  give  it  a 
place  in  your  Journal.  At  present  I  shall  merely  state  the  experi- 
ment, though  the  importance  I  attach  to  it  arises  solely  from  the 
theory  by  which  it  was  suggested.  After  trying  every  experiment 
mentioned  in  most  systems  of  animal  galvanism,  I  made  a  pile  of 
thin  slices  of  brain  and  muscle,  which  by  a  single  piece  of  metal 
produced  the  most  violent  agitation  in  the  frog,  inconceivably 
greater  than  any  other  usually  exhibited.  It  even  produced  a  slight 
effect  without  any  metal ;  but  I  have  never  been  able  to  succeed  in 
any  of  Aldini's  experiments  without  metal,  as  he  asserts. 
I  am.  Sir,  yours  most  respectfully, 

jSdinbursh,  Ju'y  20,  1815.  ^^'  ^' 
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VIII.  Farther  Queries  respecting  Gas  Lights. 

(To  Dr.  Thomson.) 
DEAR  SIR,  . 

Yours  and  Mr.  Accum's  reply  to  my  queries  respecting  the  method 
of  producing  illumination  by  gas,  instead  of  lamps  or  candles,  are 
vprv  satisfactory.  I  possess  his  new  treatise  on  the  suhject  ;  l)u  1 
do  not  find  any  directions  for  choosing  pipes  of  a  diameter  smiable 
fo  produce  a  given  effect.  He  gives  no  rule  concerning  the  diame- 
ers  •  nor  does  he  give  sufficient  directions  concerning  the  lime  used 
for  pu  ifving  the  ^as.  1  hope  he  will  be  so  obliging  as  to  supply 
these  deficifncies  through  the  medium  of  your  ^»«..  5,  stating  at 
1  e  ame  time  the  place!  where  pipes,  &c.  may  be  purchased  on  the 
terms  mentioned  in  his  book.  Mr.  Accum  being  « ^'^em.st  con- 
elude  he  does  not  supply  apparatus  ot  this  magnitude.  I  it  Mr  A.  s 
opinion  that  lighting  a  private  house  in  the  country  by  coal  ga. 
would  be  less  expensive  than  by  candles  or  oil : 

Your  obliged, 

A.  M K. 

JuJy  17,  1815. 

IX.   Crystals  of  Arragonite. 
It  is  well  known  that  the  crystalline  form  of  the  arragonlte  is 
different  from  that  of  calcareous  spar.     M.  Stromeyer,  atier  disco- 
veHng  the  presence  of  carbonate  of  stronti.n  in  that  mineral,   con- 
ce    ed  that  the  arragonite  derived  its  crystalline  forms  from  car- 
bonate of  strontian.     But  as  carbonate  of  strontian  had  never  been 
found  in  regular  crystals,  that  conjecture  could   not  be  verified. 
Gehlen  has  lately  announced  that  he  and  Professor  tuchs  observed, 
among  specimen's  of  barytes  from  Salzburgh,  crystals  of  carbona  e 
^^strontian  having  exactly  the  same  form  as  those  o    arragonite 
(Schwei^ger's  Journal,  xi.  392) ;  so  that  there  seems  to  be  no  doubt 
that  the  crystalline  figures  of  carbonate  of  strontian   and  of  arra- 
gonite are  the  same.     But  this  coincidence  of  form  does  not  appear 
fo  me  to  clear  up  the  difficulty.     That  one  part  of  carbonate  of 
strontian  should  oblige  50  or  100  parts  of  carbonate  of  lime  to 
assume  its  own  form  of  crystal  appears  quite  inexplicable.     It  the 
shape  of  the  crystal  depends  upon  that  of  the  integrant  particle,  of 
the  crystallizing  body,  the  crystallization  should  either  be  confused 
when  two  diHerent  sets  of  integrant  particles  crystallize  together,  or 
they  must  combine  and  form  a  new  integrant  particle :  5)^)  parts  ot 
carbonate  of  lime  mixed  with  one  part  of  carbonate  of  strontian 
ouL'ht,  one  should  think,  to  assume  the  crystalline  form  of  car- 
bonate of  lime.     The  gres  des  Fovtainblois,  which  has  been  consi- 
dered as  similar,  is  not  even  analogous.     In  it  we  have  crystals  of 
calcareous  spar  mixed  with  grains  of  sand  ;  but  in  the  present  case 
both  bodies  must  have  been  in  a  liquid  state,  and  both  are  capable 
of  crystallizing. 
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X.  Comhtstion  of  Carbureted  Hydrogen  Gas. 

1  have  been  requested  to  explain  why  the  steel-mills,  as  they  are 
called  (which  consist  of  a  piece  of  steel  rubbing  against  a  kind  of 
grind-stone,  and  emitting  a  prodigious  number  of  sparks,)  do  not 
set  fire  to  a  mixture  of  carbureted  hydrogen  gas  and  common  air. 
It  is  not  easy  to  assign  a  very  satisfactory  reason.  The  heat  of  the 
sparks  is  ceitainly  sufficient  for  the  purpose  ;  for  if  you  collect  them 
you  find  them  in  globules  that  have  undergone  fusion.  Now  the 
black  oxide  of  iron  will  not  melt,  except  at  a  much  higher  tempe- 
rature than  is  sufficient  to  set  fire  to  such  a  mixture.  I  never  was 
able  to  burn  a  mixture  of  carbureted  hydrogen  gas  and  common  air 
by  passing  electric  sparks  through  it  ;  but  if  you  bring  a  red-hot 
bar  of  iron  in  contact  with  the  mixture,  it  fires  immediately.  These 
facts  induce  me  to  suspect  that  the  eflfect  depends  upon  the  size  of 
the  ignited  body.  A  very  small  spark  is  probably  not  capable  of 
impelling  a  sufficient  number  of  particles  of  oxygen  against  a  par- 
ticle of  carbureted  hydrogen  to  produce  instant  combination,  which 
I  conceive  occasions  the  combustion.  Sometimes  it  is  well  known 
that  the  mixture  is  exploded  by  the  steel-mills.  In  such  cases,  I 
conceive,  the  sparks  are  uncommonly  large. 

XI.  Another  Accident  at  a  Coal-Mine  near  New  castle. 

On  Monday,  the  31st  of  July,  another  melancholy  accident  hap- 
pened at  Messrs.  Nesham  and  Co.'s  colliery,  at  Newbottle,  in  the 
county  of  Durham.  The  proprietors  had  provided  a  powerful  loco- 
motive steam-engine,  for  the  purpose  of  drawing  10  or  12  coal- 
waggons  to  the  staith  at  one  time  ;  and  Monday  being  the  day  it 
was  to  be  put  in  motion,  a  great  number  of  persons  belonging  to  the 
colliery  had  collected  to  see  it  ;  but  unfortunately,  just  as  it  was 
going  off,  the  boiler  of  the  machine  l)urst.  Ihe  engine-man  was 
dashed  to  pieces,  and  his  mangled  remains  blown  114  yards;  the 
top  of  the  boiler  (nine  feet  square,  weight  19  cwt.)  was  blown  100 
yards  ;  and  the  two  cylinders  90  yards.  A  little  boy  was  also  thrown 
to  a  great  distance.  By  this  accident  57  persons  were  killed  and 
wounded,  of  whom  I  I  were  dead  on  Sunday  night,  and  several 
remain  dangerously  ill.  The  cause  of  the  accident  is  accounted  for 
as  follows :  the  engine-man  said,  "  as  there  were  several  owners  and 
viewers  there,  he  would  make  her  (the  engine)  go  in  grand  stile," 
and  he  had  got  upon  the  boiler  to  loose  the  screw  of  the  safety 
valve,  but  being  overheated,  it  unfortunately  exploded.  It  will  be 
recollected,  that  at  the  fatal  blast  which  recently  took  place  at  this 
colliery,  the  first  who  arrived  at  the  bank,  holding  by  a  rope,  was  a 
little  boy,  about  six  or  seven  years  of  age.  The  poor  little  fellow  is 
among  the  number  dead. 

XII.  Carlovnte  of  Bismuth. 
A  new  species  of  ore  has  been  lately  discovered  in  Cornwall,  the 
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carbonate  of  bismuth.  From  a  very  small  specimen  of  it,  which  I 
have  seen,  I  am  led  to  suspect  that  it  is  the  same  mineral  called  by 
the  Germans  bismuth  ochre.  The  colour,  fracture,  and  lustre,  are 
similar.  The  specific  gravity  is  less,  being  only  3*0755;  but  th? 
fragment  examined  was  much  mixed  with  clay. 

XIII.  Cttd'O-Sulphuret  of  Mercury. 

Dohereiner  has  lately  announced  that  there  exists  a  native  com- 
pound of  mercury  and  sulpliuret  of  carbon.  He  calls  it  quecksil- 
lererz  {ore  of  mercuri/).  1  should  not  be  surprised  if  this  were  the 
common  ore  of  Idria,  called  quecksilber-lehererz  {hepatic  ore  of  mer- 
cury) ;  for  Klaproth  foiind  this  ore  to  contain  both  sulphur  and 
carbon,  nearly  in  the  proportion  in  which  they  exist  in  sulphuret  of 
carbon.  Dobereiner  says,,  that  when  the  ore  is  distilled,  sulphuret 
of  carbon  is  obtained.  He  informs  js  that  sulphuret  of  carbon 
unites  with  all  the  metals,  and  forms  a  new  class  of  bodies. 
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List  of  Patents. 

WrLLiAM  Bjell,  Birmingham;  for  a  method  of  making  and 
manufacturing  wire  of  every  description.     April  18,  1815. 

Michael  Billingslky,  Bowling  Iron  Works,  Yorkshire  ;  for 
improvements  in  the  steam-engine.     April  20,   1815. 

Samuel  John  Pauley,  Charing  Cross,  London;  and  Durs 
ErtG,  Strand,  gun  manufacturer;  for  certain  aerial  conveyances  and 
vessels  to  be  steered  by  philosophical,  or  chemical,  or  mechanical 
means,  and  which  means  are  also  applicable  to  the  propelling  of 
vessels  through  water,  and  carriages  or  otiier  conveyances  by  land. 
April  25,   1815. 

Jacob  Wilson,  Welbcck-street,  London,  cabinet-maker  and 
upholsterer;  for  certain  improvements  in  bedsteads  and  furniture. 
April  27,  1815. 

William  Bush,  Saffron  Walden,  Essex,  surveyor  and  builder : 
for  a  method  of  preventing  accidents  from  horses  falling  with  two- 
wheeled  carriages,  especially  on  steep  declivities,  superior  to  any 
hitherto  known  or  in  use,     April  23,   1815. 

Peter  ]VL\rtineau,  Canonbury  House,  Islington,  and  John 
Martineau,  Stamford  Hill ;  for  their  new  method  or  methods  ojf 
refining  and  clarifying  certain  vegetable  substances.     May  8,  1815. 

John  James  Alexander  Maccarthy,  Arlington-street, 
London,  sculptor;  for  a  method  ol  paving,  pitching,  or  covering, 
streets,  roads,  and  ways.     May  11,  1815. 

ChaRlbs  Pitt,  Strand,  lyjndon  ;  for  his  method  or  methods  for 
the  security  and  safe  conveyance  of  small  parcels,  and  remittan'.'« 
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of  property  of  every  description,  and  also  for  the  security  in  the  for- 
mation or  appendage  of  shoes.     May  11,  1815. 

8amokl  Pratt,  No.  119,  Holborn-hill,  London,  trunk-makerj 
for  a  wardiobe  trunk  for  travellers.     May  1 1,  1815. 

Ar<:hibald  Kknrick,  West  Bromwich,  Stafford,  founder;  for 
certain  improvements  in  the  mills  for  grinding  coffee,  malt,  and 
otherarticles.     May  23,  1815. 

John  Pugh,  of  Over,  Whitegate,  Chester,  salt  proprietor;  for  a 
new  method  of  makin<r  salt-pans  upon  an  improved  principle,  to 
save  fuel  and  laliour.     May  26",  1815. 

Jonathan  RiDr.WAY,  Manchester,  plumber;  for  a  new  method 
of  pumping  water  and  other  fluids.     May  26,  1815. 

.ToHN  KiLBY,  York,  brewer:  for  his  improvement  or  improve- 
nientsin  the  art  of  brewing  malt  liquors.     June  1,  1815. 


Article   XV. 

Scientific  Books  in  hand,  or  in  the  Prest. 

The  New  Edition  of  Dr.  Henry's  Elements  of  Chemistry,  with 
very  considerable  Additions  and  Improvements,  will  be  ready  on  the 
1st  of  October. 

The  Rev.  P.  Keith^  F.L.S.  is  about  to  publish  a  System  of  Physio- 
logical Botany,  in  2  vols.  8vo.  with  Plates  drawn  and  engraved  by  Mr. 
Sowerby. 

i\Irs.  Bryan  is  printing  A  Compendious  Astronomical  and  Geogra- 
phical Clais  Book,  for  the  Use  of  Families  and  Yaung  Persons. 

Mr.  llootsey  is  about  to  publish  a  Volume,  entitled  The  Bristol 
Dispensatory,  the  object  of  which  is  to  establish  the  Nomenclature  of 
Pharmacy  upon  a  permanent  basis :  and  to  explain  the  advantages  of 
a  new  method  of  expressing  the  Composition  of  Medicine. 

Sir  F.  C.  Morgan,  Physician,  is  preparing  for  the  Press,  Outlines  of 
the  Philosophy  of  Life  :  which  has  for  its  object  the  dittusion  of  a  more 
general  knowledge  of  the  I'undamental  facts  of  philosophy. 

Arthur  Burraw,  Esq.  is  preparing  for  the  Press,  Some  Account  of 
the  Rlediterranean,  1810  to  1815,  Political  and  Scientific,  Literary  and 
Descriptive.  The  work  will  appear  in  Ro)'al  4to  witli  Engravings,  and 
the  first  Volume  will  be  chiefly  confined  to  Sicilj'. 

Mr.  Accum  has  in  the  Press  a  Second  Edition  [StereotypeJ  of  his 
Practical  Treatise  on  Gas  Light ;  Exhibiting  a  Summary  Description 
of  the  Apparatus  and  Machinery  best  calculated  for  illuminating 
Streets,  Houses,  and  Manufactories  with  Coal  Gas,  &c.  With  Re- 
marks on  the  Utility,  Safety,  and  j^eneral  Nature  of  this  new  Branch 
of  Civil  Economy.  Illustrated  with  Seven  Coloured  Plates  showing 
the  Construction  of  the  large  Apparatus  employed  for  illuminating 
the  Streets  and  Houses  of  this  Metropolis,  as  well  as  the  Smaller  Ap« 
paratus  employed  by  Manufacturers  and  Private  Individuals. 
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The  observations  in  each  line  of  tlie  table  apply  to  a  period  of  twenty-four 
biiurs,  bfgiuniiig  al  9  A.  M.  on  the  day  iudiratcd  iyi  the  first  column.  A  Jabh 
i/cnutci,  that  the  result  is  included  iu  the  next  fullowi/ig  oliservaiioii. 


240  Meteorological  Journal.  [Sept.  1815. 


REMARKS. 

Sixth  Month. — 29.  A  very  fine  day:  the  western  sky  in  the  twilight,  bright 
orange  near  the  horizon,  with  a  purple  glow  above.  30,  Cloudy  morning:  after 
which  sunshine  at  intervals. 

Seventh  Month.  —  1.  Heavy  Cumulostrati,  p.m.  2.  "Windy,  cloudy,  a.m.: 
Cirrus,  passing  to  Cirrocumulus,  &c.  p.  m. :  a  luminous  twilight,  the  clouds  much 
coloured.  3.  a.m.  Wiudy,  \tit\i  Cumulostraius.  4.  Cloudy:  a  few  drops,  p.m. 
5.  Cumutostratus,  formed  by  Cirrocumulus.  6.  The  wind  passed  this  morning  by 
S.  E.  to  S.  W.  but  settled  at  N.  "VV.  with  various  clouds :  rain  fell  in  the  night. 

7.  Wet  this  morning  early,  and  windy  at  N.  E. :  p.m.  fair,  with  Cumulostraius. 

8.  Cumulus,   a.  m.    w  ith   Cirrostratus :    cloudy    evening :    some    rain    by    night. 

9.  Cumulostraius  :  orange  twilight.  11.  A  very  fine  day  :  pink-coloured  Cirri  at 
lun-set.  12.  Sultry ;  a.  m.  Cumulostraius  by  inosculation.  About  noon,  an  ap- 
pearameof  distant  rain  in  the  N.  E.,  which  continued  till  evening:  the  whole  of 
our  own  clouds  gradually  disappeared,  with  a  steady  S.  W.  breeze.  At  sun-set  it 
waa  clear,  and  somewhat  orange-coloured  to  N.  W.,  but  obscure,  with  Cirro- 
stratus  te 'S.E.  13.  Large  ill-defined  Cirri,  with  nascent  Cun;u?i,  and  afterwards 
Cirrocumulus,  "at  a  great  height,  passed  to  the  N.  E.  with  a  fresh  bi'eeze  :  a  little 
rain  fell  in  the  evening.  Hygr.  about  40'  these  three  mornings  past.  1  i.  Various 
clouds,  threatening  rain  at  interval?,  which  followed  p.m.  in  quantity  scarcely 
sufficient  to  lay  the  dust:  windy.  15.  a.m.  ChvuuIus,  beneath  Cirrostratus: 
windv:  some  light  showers,  and  a  trace  of  the  rainbow,  at  sun-set.  16.  A 
slight  shower,  a.m.  17.  Various  clouds,  a.m.:  a  few  drops,  p.m.:  at  even- 
ing, a  tendency  to  the  rapid  formation  of  Cirrostratus,  the  denser  clouds  at  the 
tame  time  exhibiting  a  beautiful  gradation  of  colours:  twilight  orange.  IS.  It) 
the  morning,  an  extensive  sheet  of  flimsy  Cirrocumulus,  which  ooon  moved  away. 
Hygr.  at  9  a.m.  68°..  About  10  p.  m.-  the  same  kind  of  cloud  :  a  low  murky 
>ky.  19.  A  steady  rain,  a.  m.  Hygr.  70"  at  9  p.m.  20.  Overcast,  with  Cu- 
mulostraius: windy.     21 — 26.  Mostly  cloudy  :  occasional  showers.     27,  28.  Fine. 


RESULTS. 

Prevailing  Winds  Westerly,  and  these  for  the  most  part  N.  W. 

Barometer:  Greatest  height 30*19  inches, 

Least 29-47 

Mean  of  the  period    29-961 

Thermometer:  Greatest  height 80"» 

Least  42 

Mean  of  the  period 61  -36 

Evaporation,  (in  23  days,  from  the  6th  inclusivt-,) 2  inches. 

Rain 1-38  inch. 

*,t»  The  observations  from  the  2l5t  inclusive  are   those  of  my  frieud  John 
Gibson,  at  the  Laboratory. 

ToTTryjf.w,  Eighth  Month,  15,  1815.  L.  HOWARD. 
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Observations  on  the  Absorption  of  the  Gases  by  different  Bodies. 
By  Theodore  de  Saussure.  * 

VV  E  possess  at  present  no  accurate  experiments  on  the  question, 
whether  a  gas,  when  it  penetrates  into  the  pores  of  a  solid  body, 
undergoes  any  diminution  of  bulk  in  consequence  of  this  penetra- 
tion, even  when  no  chemical  union  takes  place  between  the  gas  and 
the  solid  body?     It  is,  for  example,  still  unknown  whether  azotic 
or  oxygen  gas,  which  do  not  combine  cliemically  with  silica,  un- 
dergo a  diminution  of  their  bulk  when  they  penetrate  into  a  porous 
silicious  stone,  as  opal,  hydrophane,  or  even  sand-stone.     If  we 
allow  that  such  diminution  of  bulk  takes  place,  a  number  of  other 
questions  immediately  present  themselves.     What  influence  has  the 
size  of  the  pores  on  this  condensation  ?     Are  all  gases  equally  con- 
densed by  the  same  bodies?  And  what  influence  has  the  density  of  the 
gas  on  this  condensation  ?     These  inquiries  become  still  more  inte- 
resting when  diflerent  gases  are  employed  together.     When  two 
gases  mixed  equally  are  presented  to  a  solid  body,  does  it  absorb 
them  in  equal  quantities  or  not  ?     And  do  the  mixed  gases,  when 
condensed  m  solid  bodies,  enter  into  combinations  which  they  would 
not  iorra  m  a  free  state?    It  is  obvious  that  such  investigations  may 
lead  us  to  discover  whether  our  atmosphere,  when  \i  penetrates  into 
the  mterior  of  earthy  bodies,  becomes  condensed  merely  in  conse- 

vni'  Ji  •)**«  ""^"Slated  (his  impoitant  paper  from  Gilberl's  Annalen  dcr  Physik, 

inf,.rn  ,h  ?"''   '^'^-    ^"^  ^  '*"  ""'  ''"'"^  " '"''•<^  "  « ''»s  «'>'  I'ubli.hed.    Gilbert 

lororni,  us  that  u  was  translated  into  German  by  Professor  Horner,  of  Zurich.— T. 
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quence  of  this  penetration,  and  forms  water,  and  nitrous  or  ainmo- 
niacal  salts. 

The  experiments  which  I  have  made  in  order  to  answer  some  of 
these  questions  I  shall  arrange  in  three  sections.  The  first  section 
contains  my  experiments  on  the  condensation  of  pure  unmixed 
gases  by  solid  bodies  ;  the  second,  my  experiments  on  the  absorp- 
tion of  mixed  gases  by  solid  bodies ;  in  the  third,  1  shall  state  some 
observations  on  the  absorption  of  gases  by  liquids. 


Section  First. 

absorption  of  ttnmixed  gases  by  solid  bodies. 

1.  Amount  of  the  Condensation  of  different   Gases  by  Charcoal. 

Of  all  solid  bodies,  charcoal  is  the  most  remarkable  in  its  action 
on  the  gases.  It  was  a  discovery  of  Fontana  that  red-hot  charcoal, 
cooled  l)y  plunging  it  under  mercury,  or  by  any  other  method  which 
precludes  the  contact  of  the  air,  possesses  the  remarkable  property 
of  absorbing  more  than  its  own  volume  of  various  gases.  Count 
Morozzo  remarked  that  this  absorption  is  different  according  to  the 
different  gases  and  to  the  kind  of  charcoal  used ;  and  he  made  ex- 
periments which,  when  properly  repeated,  place  this  truth  in  a 
clear  point  of  view.  He  allowed  various  gases,  in  exactly  the  same 
circumstances,  to  be  absorbed  by  charcoal  and  other  porous  bodies, 
as  pumice,  brick,  &c.  It  appeared  to  him  that  the  gases  absorbed 
by  these  last  bodies  underwent  no  condensation.  Hence  the  con- 
densation produced  by  charcoal  was  considered  as  a  peculiar  action 
of  that. body,  the  full  clearing  up  of  which  was  left  to  future  natu- 
ralists. 

Morozzo,  Rouppe,  and  Norden,  employed  various  methods  in 
their  experiments  to  cool  charcoal  without  plunging  it  under  mer- 
cury ;  but  the  unavoidable  introduction  of  atmospherical  air  was 
injurious  to  the  accuracy  of  their  trials.  It  was  in  their  power, 
indeed,  to  try  the  absorption  of  gases  by  charcoal  over  water ;  but 
the  presence  of  water,  as  I  shall  show  hereafter,  diminished  the 
condensation  oi-  the  gases,  and  introduced  some  inaccuracies  into 
their  experiments. 

In  my  experiments  the  red-hot  charcoal  was  plunged  under  mer- 
cury, and  introduced  into  the  gas  to  be  absorbed  after  it  was  cool, 
without  ever  coming  in  contact  with  atmospherical  air.  All  my 
experiments  were  made  with  the  charcoal  of  bos-wood.  Its  powers 
of  absorbing  are  not  only  very  remarkable,  but  it  absorbs  so  little 
mercury  during  the  cooling  that  it  still  readily  swims  on  water. 

The  following  experiments  were  made  between  the  temperatures 
of  52°  and  56°,  and  under  a  barometrical  pressure  of  28^  inches  of 
mercury.  The  numbers  are  almost  always  means  of  several  experi- 
ments ;  for  two  pieces  of  the  very  same  charcoal  introduced  into  the 
same  gas  seldom  give  the  same  absorption.  The  numbers  refer  to 
the  volume  of  the  charcoal,  which  is  considered  as  unity. 
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Charcoal  of  box-wood  absorbs,  of 

Volumes. 

Ammoniacal  gas    •• 90 

Muriatic  acid 85 

Sulphurous  acid 65 

Sulphureted  hydrogen    55 

Nitrous  oxide 40 

Carbonic  acid     35 

defiant  gas 35 

Carbonic  oxide ^''^2 

Oxygen 9*25 

Azote 7*5 

Oxy-carbureted  hydrogen*    '. 5 

Hydrogen 1*75 

Box-wood  charcoal  absorbs  38  times  its  volume  of  nitrous  acid 
gas  ;  but  as  a  portion  of  this  gas  is  decomposed,  the  result  cannot 
be  compared  with  those  contained  in  the  preceding  table. 

In  all  these  gases  the  absorption  terminated  at  the  end  of  24  or 
36  hours,  so  that  it  was  not  increased  by  allowing  the  charcoal  to 
remain  longer  in  cbntact  with  the  gas.  Oxygen  gas  alone  const!-' 
lutes  an  exception  to  this  general  rule;  for  its  absorption  seems  to' 
continue  for  several  years.  The  reason  is,  that  a  small  quantity  of 
carbonic  acid  is  always  forming,  of  which  charcoal  absorbs  a  much 
greater  quantity  than  it  does  of  oxygen  gas.  This  formation  goes 
on  so  slowly  at  the  common  temperature  of  the  air,  that  several 
years  elapse  before  as  much  carbonic  acid  gas  is  generated  as  is 
sufficient  to  saturate  the  charcoal.  1  shall  state  below,  in  a  note, 
the  facts  which  led  me  to  this  conclusion.!     ^^  is  exceedingly  pro- 

♦  I  obtained  the  o-i-ij-carbureted  hydrogen,  -wliicli  I  employed  in  all  my  experi- 
ments, by  distilline;  moist  charcoal.  lis  s|i(.cific  gravity,  after  separating  the  car- 
bonic acid,  wat  0-3326,  that  of  air  being  1.  100  meabnres  of  this  ijas  reqiiirefor 
Combustion  60'78  measures  of  oxygen  gas,  and  form  31 '5  raeabures  of  carbonic 
acid  gas.     Hence  its  composition  is  as  follons: 

Carbon  39-52 

Oxvpeii 28-95 

Hydrogen   16-90 

Azote 14-63 

10000 

1-  On  the  Formation  of  Carbonic  Add  Gas  at  the  common  Temperature  from  Charcoal 

and^  Ox  I/!;  en. 

It  has  hitherto  been  supposed  that  cliarcoal  only  unites  with  oxygen  at  a  tempe- 
rature not  much  bclo\v  n  red  heat  :  but  I  tiiiiik.  that  i  iiave  remarked  that  the 
common  icmperature  of  the  air  is  sufficient  for  this  union.  As  this  observation  is 
imporiant,  and  may  be  contradicted,  it  will  be  permitted  to  me,  I  presume,  to 
•tate  more  particularly  the  nature  of  my  observations. 

A  volume  of  bo.v-wood  charcoal  quenched  in  mercury  that  in  24  hours  had  ab- 
lorbed  9J  volumes  of  dry  oxygen  gas,  was  left  for  18  months  in  the  same  gas 
•tandini;  over  mercury.  In  two  months  the  absorptityi  was  1 1  volumes  ;  in  14 
monlh-i  it  was  13  volumes.  It  always  became  sloweras  the  time  advanced,  and 
wai  not  completed  iu   18  months.     1  put   ;iu  end  to  the  experiment  in  order  to 

Q   2 
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bable  that  the  true  absorption  of  oxygen  gas,  like  that  of  the  other 
gases,  is  completed  in  36  hours  ;  that  this  absorption  amounts  to 
9^  volumes ;  and  that  during  that  time  no  perceptible  quantity  of 
carbonic  acid  gas  is  formed.  On  this  account,  in  the  subsequent 
details  into  which  I  shall  enter  1  shall  take  no  farther  notice  of  this 
formation  of  carbonic  acid  gas. 

2.  Influence  of  Water  on  the  Absorption  of  Gases  by  Box-wood 

Charcoal, 

The  results  above  stated  suppose  and  require  that  the  charcoal 
before  and  during  its  action  on  the  gases  be  dry.  If  the  charcoal, 
after  being  cooled  under  mercury,  be  moistened  with  water,  the 
absorption  of  all  those  gases  that  have  not  a  very  strong  affinity  for 
water  is  distinctly  diminished.  * 

Box-wood  charcoal  cooled  under  mercury,  and  drenched  in  water 
while  still  under  mercury,  is  only  capable  of  absorbing  15  volumes 
of  carbonic  acid  gas  ;  although,  before  being  moistened,  it  could 
absorb  35  volumes  of  the  same  gas.  The  moistened  charcoal  like- 
wise takes  a  longer  time  to  complete  its  absorption  than  the  dry 
charcoal.  Thus  charcoal  that  when  dry  absorbs  35  volumes  of  car- 
bonic acid  gas  in  24  hours,  requires  when  moistened  with  water  14 
days  in  order  to  absorb  15  volumes. 

The  effect  of  moistening  charcoal  upon  its  power  of  absorbing 
gases  becomes  more  striking  when  we  allow  dry  charcoal  in  the  first 
place  to  saturate  itself  with  a  gas,  and  then  bring  it  through  mer- 
cury into  a  jar  filled  with  mercury,  and  containing  a  quantity  of 
water  about  equal  to  the  bulk  of  the  charcoal.     In  4S  hours  the 

pxamine  the  residual  gas.  I  found  it  as  iiure  as  before  the  introduction  of  the 
charcoal,  and  containiiig  no  traces  of  carbonic  acid  gas.  It  is,  however,  probable 
that  carbonic  acid  gas  liad  been  formed,  and  that  it  was  contained  in  the  pores  of 
the  charcoal.  It  is  likely  that  tlie  diminiuion  would  have  gone  on  till  the  absorption 
of  gas  amounted  to  35  volumes,  as  that  is  the  quantity  of  carbonic  acid  gas  ab- 
sorbed by  dry  charcoal ;  and  that,  after  this,  free  carbonic  acid  gas  would  have 
been  formed.  But  as  20  years  might  have  elapsed  before  a  notable  quantity  of 
carbonic  acid  appeared,  wlien  the  experiment  was  conducted  in  this  way,  I  short- 
ened the  process,  by  introducing  moist  charcoal  instead  of  dry.  The  consequence 
was,  that  in  about  a  year  part  of  the  surrounding  oxygen  gas  was  changed  into 
carbonic  acid  gas  at  the  common  temperature  of  the  atmospliere.  We  shall  see 
hereafter  that  one  volume  of  box-wood  charcoal  quenched  in  water  absorbs  only 
J 5  volumes  of  carbi;nic  acid  instead  uf  the  35  which  are  absorbed  by  one  volume 
of  dry  charcoal,  A  volume  of  wet  box-wood  charcoal  put  into  oxygen  gas  stand- 
ing over  mercury  diminished  the  volume  of  the  gas  for  10  mouths,  and  -till  the 
diminution  amounted  to  15  volumes,  and  during  this  time  no  carbonic  acid  could 
be  detected  in  the  residual  gas.  But  after  the  absorption  ceased,  carbonic  acid 
began  to  appear,  and  in  four  months  amounted  to  half  a  volume.  The  charcoal 
itself  being  plunged  into  lime-water  rendered  it  very  milky.  1  thought  I  detected 
a  trace  of  carbureted  hydrogen  gas  likewise  in  the  residual  gas,  but  am  not  quite 
sure,  as  the  quantity  was  so  small  as  to  be  within  the  limits  of  error  in  the  experi- 
ments. 

*  At  least  with  regard  to  charcoal,  which  has  the  property  of  absorbing  a  great 
deal  of  gas.  With  regard  to  some  other  bodies  which  have  the  property  oif  ab- 
sorbing but  little  gas,  their  power  of  absorbing  gas  is  rather  increased  by  moisten- 
ing them  with  water. 
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charcoal  gives  out  all  the  gas  which  wet  charcoal  is  not  able  to 
retain* 

In  the  same  manner  one  volume  of  dry  charcoal,  wliich  had 
absorbed  33  volumes  of  carbonic  acid  gas,  when  it  was  drenched  in 
water,  gave  out  1/  volumes  of  this  gas,  and  of  course  retained  only 
16  volumes.  This  is  nearly  the  same  proportion  as  in  tlie  first 
experiment.  A  volume  of  dry  box- wood  charcoal,  which  had 
absorbed  7^  volumes  of  azolic  gas,  when  drenched  in  water  gave 
out  6-i-  volumes,  and  of  course  retained  only  one  volume  of  this 
gas.  A  volume  of  dry  box-wood  charcoal,  which  had  absorbed  9^ 
volumes  of  oxygen  gas,  gave  out  when  piit  into  water  3J-  volumes  ;t 
and  one  volume  of  charcoal  saturated  with  hydrogen  gas  retained, 
after  being  put  into  water,  only  0"65  of  a  volume  of  this  gas.  We 
shall  endeavour  hereafter  to  employ  these  results. 

If  charcoal  which  has  already  given  out  its  excess  of  gas  by  being 
placed  in  contact  with  water,  be  pui  into  a  retort  filled  with  water, 
and  exposed  to  a  boiling  heat,  a  considerable  quantity  of  fresh  gas 
separates  from  it ;  but  this  temperature  is  not  sufficient  to  drive  off 
the  whole  of  the  gas  which  it  had  absorbed. 

The  gas  driven  out  by  water,  though  it  had  remained  for  several 
days  in  the  charcoal,  did  not  appear  in  the  least  altered  in  its  pro- 
perties. In  oxygen  gas  I  observed  no  carbonic  acid,  no  carbureted 
hydrogen  gas  in  hydrogen  gas,  nor  carbonic  oxide  in  carbonic  acid 
gas.  The  gases  were  always  contaminated  with  a  small  quantity  of 
azotic  gas,  which  probably  had  previously  existed  in  the  red-hot 
charcoal.  Oxygen  gas  alone,  as  I  have  already  observed,  when 
charcoal  remained  in  it  for  some  months,  contained  a  small  mixture 
of  carbonic  acid  gas :  a  process  which  was  still  farther  promoted  by 
the  presence  of  water. 

3.  Heat  which  is  disengaged  ly  the  Condensation  of  the  Gases  ly 

Charcoal. 

When  box-wood  charcoal,  or  any  other  species  which  rapidly 
absorbs  gases  cooled  in  mercury,  is  introduced  into  any  gas,  there  is 
evolved  during  the  condensation  of  the  gas  a  quantity  of  heat  often 
sensible  to  the  feeling,  and  sufficient  to  raise  a  thermometer  whose 

•  The  water,  by  penetrating  into  the  cliarcoal,  drives  out  the  gas  with  such 
ferce,  t'lat  in  close  vessels,  and  when  a  sutficient  quantity  of  charcoal  iscinployed, 
the  expelled  gas  is  in  a  state  of  compression.  This  circumstance  may  be  employed 
in  a  great  hcale  in  the  preparation  of  very  concentrated  artiticial  soda-water, 
especially  when  fermenting  tuns  are  at  hand.  We  have  only  to  place  within 
these  batons  tilled  with  red-hot  box-wood  charcoal,  and  when  the  charco;il  is  satu- 
rated with  the  gas  it  is  t.t  be  put  into  thick  and  strong  vessels,  aiul  brought  in  con- 
tart  with  water.  We  must  take  care  that  the  charcoal  does  not  como  in  contact 
with  the  atmospheric  air,  nor  must  it  be  mixed  with  the  water  till  the  vessels  are 
made  air-tighi.  I  have  myself,  without  attending  to  these  necessary  precautions, 
and  at  the  temperature  of  6G°,  prepared  in  a  vessel,  a  fourth  part  of  which  was 
tilled  wilh  box-wood  charcoal,  and  two-thirds  of  it  with  water,  and  wliich  1  ren- 
dered air-iight,  a  soda-water  which  cuutained  more  than  its  own  bulk  of  carbonic 
acid  gas. 

+  La  Metherie  obtained  a  similar  result  when  employed  in  these  experiments. 
See  Journal  de  I'hysiquc,  vol.  xxx. 
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bulb  IS  in  contact  with  about  ^  of  a  cubic  inch  of  charcoal  several  de- 
grees. The  heat,  as  might  have  been  expected,  appears  to  increase  with 
the  absorbability  of  the  gas.  Charcoal  becomes  hotter  in  ammo- 
niacal  than  in  carbonic  acid  gas,  and  hotter  in  this  gas  than  in  the 
less  absorbable  oxygen  gas.  Hydrogen  gas,  which  is  the  least  ab- 
sorbable of  all,  gives  out  so  little  heat,  that  the  methods  which  I 
employed  were  not  sufficiently  delicate  to  detect  any.  *  This  evolu- 
tion of  heat  depends  much  more  upon  the  rapidity  with  which  the 
absorption  takes  place  than  upon  the  degree  of  the  condensation  j 
since,  according  to  Gay-Lussac's  experiments,  different  gases  when 
equally  compressed  give  out  different  quantities  of  heat. 

A.  Influence  of  the  barometrical  Pressure  on  the  Condensation  of 

Gases  by  Charcual. 

Hitherto  heat  only  has  been  employed  to  render  charcoal  fit  for 
absorbing  gas.  1  have  tried  to  produce  the  same  eflect  by  means  of 
the  air-pump,  and  have  obtained  nearly  the  samerresults. 

A  piece  of  box-wood  charcoal,  which  had  stood  exposed  to  the 
air  for  some  days,  was  put  into  a  receiver  fixed  to  a  small  portable 
plate  by  means  of  tallow,  and  screwed  upon  the  plate  of  the  air- 
pump,  so  as  to  be  air-tight,  f  The  air  being  pumped  out  of  the 
receiver  and  charcoal  by  an  exhaustion  amounting  to  0*16  inch  of 
mercury,  the  transferrer  with  its  receiver  is  brought  into  the  mer- 
curial trough,  and  the  cock  of  the  transferrer  being  opened  under 
the  mercury,  that  liquid  flows  in  and  fills  the  receiver,  and  the 
transferrer  may  now  be  removed.  The  charcoal  is  now,  without 
coming  in  contact  with  the  external  air,  introduced  into  another 
receiver  filled  with  carbonic  acid.  The  absorption  at  the  tempera- 
ture of  534^°  amounted  to  31i  volumes.  Charcoal  heated  red-^ot 
produces  in  the  same  circumstances  an  absorption  amounting  to  35 
volumes. 

I  repeated  the  same  experiment  with  oxygen  gas.  The  absorption 
produced  in  this  way  amounted  toSi  volumes  of  the  charcoal,  while 
charcoal  heated  to  redness  absorbed  9^  volumes.  Charcoal  freed  of 
air  by  the  air-pump  absorbed  seven  volumes  of  azotic  gas  in  place 
of  'jx  volumes  which  charcoal  heated  to  redness  absorbed. 

As  the  charcoal  which  was  employed  in  these  experiments  had 

•  The  bulb  of  ray  thermometer  was  2g  lines  in  diameter.  The  tube  was  bent 
in  the  form  of  a  V.  *  The  end  on  which  »v4s  the  bulb  was  introduced  through  the 
mercury  into  the  receiver.  The  outer  arm  held  the  scale ;  and  served  both  to  hold 
the  instrument  and  to  brin"-  the  bulb  in  contact  with  the  charcoal. 

+  Instead  of  this  transferrer,  the  following  method  may  be  employed.  A  small 
receiver  containing  the  charcoal  is  lied  by  strings  to  a  dish  which  is  filled  with 
merrnry,  and  |)!:iced  under  the  common  receiver  of  the  air-pump.  When  the  air 
has  been  pumped  out  of  tlie  large  receiver,  and  likewise  out  of  the  small,  a  com- 
munication is  opened  between  the  inside  of  the  large  receiver  and  the  external  air. 
The  mercury  in  the  dish  is  noiv  forced  into  the  small  rtdceiver,  and  fills  it.  The 
string  is  now  untied,  and  the  small  receiver  standing  on  the  dish  Is  conveyed  to  the 
mercurial  trough.  But  the  exhaustion  produced  in  this  way  is  notqtilte  so  great  as 
in  the  other,  on  account  of  the  resistance  made  by  the  mercury  in  the  dish  to  the 
cjcape  of  the  air  from  the  small  receiver. 
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absorbed  some  moisture  from  the  air,  which  might  prove  injurious 
to  the  absorption,  I  repeated  them  with  charcoal,  which,  after  being 
dried  in  a  red  heat,  was  introduced  into  a  glass  receiver  full  of 
common  air  standing  over  mercury.  In  this  case  the  absorption  of 
the  charcoal  was  somewhat  greater  than  before;  but  it  always  re- 
mained smaller  than  when  charcoal  was  used  that  had  been  heated 
to  redness,  obviously  on  account  of  the  air  left  behind  in  the  char- 
coal by  the  incomplete  vacuum  produced  by  the  air-pump. 

To  ascertain  what  influence  the  density  of  a  gas  has  upon  the 
volume  which  charcoal  is  capable  of  absorbing,  I  introduced  a  piece 
of  charcoal,  which  had  been  saturated  with  gas  under  the  common 
pressure  of  the  atmosphere  into  a  torricellian  vacuum  in  the  top  of 
a  barometer  tube,  the  inner  diameter  of  which  was  0*78  inch.  As 
soon  as  the  ciiarcoal  came  into  the  vacuum,  it  allowed  a  portion  of 
its  gas  to  escape,  which  caused  the  barometer  to  fall  a  gieat  way, 
from  which  the  density  of  the  gas  set  free  was  easily  deduced.  From 
the  bulk  of  the  portion  of  the  tube  occupied  by  this  gas,  and  this 
bulk  subtracted  from  the  whole  volume  which  the  gas  absorbed  by 
the  charcoal  would  occupy  in  this  new  sitiiation,  it  was  easy  to  de- 
termine the  quantity  of  gas  still  remaining  in  the  charcoal.  I 
wished  to  make  these  experiments  also  under  other  pressures  of  the 
atmosphere ;  and  on  that  account  allowed  determinate  quantities  of 
gas  to  enter  into  the  barometer  tube. 

Exper.  1. — A  piece  of  box-wood  charcoal,  which  under  the 
barometrical  pressure  of  2S"91  inches,  and  in  the  temperature  of 
65°,  had  absorbed  84^  volumes  of  carbonic  acid  gas,  was  put  into 
an  atmosphere  of  carbonic  acid  gas,  the  density  of  which,  after  the 
separation  of  tlie  gas  from  the  charcoal,  was  equivalent  to  the  pres- 
sure of  10'26  inches  of  mercury.  Under  this  pressure  the  344- 
volumes  of  gas,  supposing  them  completely  extricated  from  the 
charcoal,  would  have  occupied  the  bulk  of  97'21  volumes.  Of 
these  28' 16  volumes  had  escaped  out  of  the  charcoal.  It  still  re- 
tained 69-05  volumes.  Hence  it  follows  that  charcoal  absorbs  a 
greater  bulk  of  rarified  carbonic  acid  than  when  it  is  of  its  usual 
density. 

Exper.  2. — I  left  the  charcoal  in  the  barometer  tube,  and  in- 
creased tiie  density  till  it  equalled  the  pressure  of  159  inches  of 
mercury.  iVt  this  density  the  34  J-  volumes  of  gas  amounted  to  62*74 
volumes.  Of  these  12-83  volumes  had  escaped;  so  that  the  char- 
coal still  retained  49-91  volumes. 

I  made  several  other  experiments,  which  gave  me  similar  results. 
It  follows  from  the  wliolc  that  the  absorptiun  of  gases,  if  it  be  esti- 
mated by  the  volume,  is  far  greater  in  a  rare  than  in  a  dense  atmos- 
phere; but  if  we  reckon  this  al)sorption  by  the  weight,  it  is  more 
considerable  in  the  latter  than  in  the  former  state  of  the  atmos- 
phere. 'J'lu'se  observations,  however,  apply  only  to  those  gases 
that  are  absorbed  in  considerable  quantities.  The  difference  is 
scarcely  perceptible  when  the  absorption  amounts  only  to  about  one 
volume. 

When  these  experiments  shall  have  been  prosecuted,  it  is  pro- 
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bable  that  the  relation  between  the  absorption  of  the  gases,  and  the 
lieight  of  the  barometer,  will  be  discovered.  I  have  not  prosecuted 
the  subject ;  nor  have  1  made  any  trials  upon  the  change  produced 
in  the  absorption  by  equal  increments  of  temperature. 

The  same  cause,  which  makes  the  charcoal  become  hot  when  it 
absorbs  gas,  must  produce  a  diminution  of  temperature  on  the  sepa- 
ration of  this  gas.  A  cylinder  of  box-wood  charcoal,  3'15  inches 
long,  and  157  hich  in  diameter,  was,  with  a  ttiermometer  fixed  in 
it,  placed  in  a  very  small  receiver;  and  then  its  air  was  driven  off 
by  means  of  the  air-pump,  that  it  might  be  saturated  with  carbonic 
acid  gas.  When  I  afterwards  separated  this  gas  from  the  charcoal 
by  means  of  the  air-pump,  the  thermometer  fell  in  a  few  minutes 
7'2°.  *  The  same  experiment  was  repeated  with  common  air:  the 
thermometer  fell  from  5°  to  7°« 

5 .  The  Properly  of  condensing  Gases  is  common  to  all  Bodies  which 
possess  a  certain  degree  of  porosity. 

That  the  property  of  absorbing  gases  has  hitherto  been  observed 
only  in  charcoal  is  owing  partly  to  experiments  having  been  made 
with  no  other  substance  of  the  requisite  texture,  and  partly  to  no 
accurate  observations  on  the  absorption  having  been  made.  I  have 
found  no  body  which  possesses  the  property  in  so  high  a  degree  as 
charcoal. 

In  all  the  experiments  which  I  have  made  on  this  subject,  I  have 
made  use  of  the  air-pump  to  free  the  porous  bodies  from  atmos- 
pherical air,  and  to  mai<e  them  capable  of  absorbing  gases.  The 
method  of  heating  to  redness  succeeds  well  only  with  charcoal,  be- 
cause, on  account  of  its  combustibility  and  its  small  specific  heat,  it 
may  be  taken  out  of  the  fire  and  plunged  under  mercury  while  still 
white  hot.  The  other  porous  bodies,  which  are  not  combustible, 
suffer  on  that  account,  when  they  are  small,  very  various  degrees  of 
cooling  during  their  passage  from  the  fire  to  the  mercury,  which 
liave  a  sensible  effect  upon  their  power  of  absorbing  gases.  Besides, 
the  air-pump  put  it  in  ray  power  to  employ  animal  and  vegetable 
substances,  which  are  totally  destroyed  in  the  fire. 

Exper.  1 .     ylbsorption  of  Gases  by  Spanish  Meerschaiim.f — As 

*  By  the  absorption  of  carbonic  acid  gas  by  charcoal  freed  from  air,  the  tera- 
peralure  was  raiseil  SS*^. 

+  The  variety  of  meerschaum  employed  came  from  Valeras,  near  Madrid.  The 
specific  gravity,  porosity,  and  proportion  of  water  contained  in  it,  vary  iu  diffe- 
rent speciraens.  The  pirce  which  I  used  lo?t  0'23  of  its  weight  in  a  red  heat.  Its 
specific  grav-itv,  asterlaincd  by  piun^inj  it  in  morcnry,  which  did  not  penetrate 
into  the  p  )re?,  was  0  S'.O.  JNlLcrichaum  from  Natolia,  according  to  Klaproth,  is 
composed  of 

Silica SO-.-iO 

Magnesia   17*25 

Water 25()(> 

Carbonic  acid   b'OO 

Lime 0-50 

l<()ss  .     .      ■. ..     1"75. 

10000 
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this  stone,  even  when  it  seems  perfectly  dry,  always  contains  some 
water,  1  put  it  first  into  the  fire,  and  then  introduced  it  under  the 
air-pump  while  still  warm.  Having  freed  it  from  its  air,  1  intro- 
duced it  first  into  ammonlacal  gas,  and  ascertained  how  much  of 
this  gas  it  absorbed.  I'his  experiment  I  repeated  with  the  same 
piece  of  meerschaum  for  each  of  the  other  gases,  first  putting  it 
into  the  fire,  then  introducing  it  under  the  aii-pump,  and  lastly 
putting  it  into  the  gas  to  be  absorbed ;  so  that  the  same  piece  of 
meerschaum  was  brought  successively  in  contact  with  all  the  gases. 
The  size  of  the  meerschaum  was  2i  cubic  inches;  and  this  size 
made  it  possible  for  me  to  observe  small  variations  in  the  absorption. 
A  repetition  of  these  experiments,  the  same  way,  and  with  the  same 
piece  of  meerschaum,  gave  similar  results.  The  following  table 
exhibits  the  mean  of  these  two  sets  of  experiments,  giving  the 
number  of  volumes  of  each  gas  absorbed  by  one  vokune  of  the 
meerschaum  at  the  temperature  of  59°,  and  under  a  pressure  of 
28-74  inches  of  mercury. 

Volumes. 
Ammoniacal  gas  *     15 

Sulphureted  hydrogen 1 1'7 

Carbonic  acid  gas  f 5-2G 

Nitrous  oxide     3-75 

Olefiant  gas 3«7 

Azotic  gas 1-6 

Oxygen  gas    .1-49 

Carbonic  oxide 1'17 

Oxy-carbureted  hydrogen 0*85 

Hydrogen 0'44 

As  these  absorptions  were  produced  and  destroyed  by  means  of 
the  air-pump  alone,  without  the  help  of  fire,  this  is  a  proof  that 
the  gases  contract  no  union  with  the  stone,  which  is  equivalent  to 
the  atmospherical  pressure.  Besides,  in  these  experiments,  as  in 
those  with  charcoal,  no  alterations  in  the  temperature  or  barometrical 
took  place. 

I  repeated  these  experiments  with  another  piece  of  meerschaum 
from  Valecas.  It  produced  a  smaller  absorption.  When  dried  in 
the  air,  it  absorbed  three  volumes,  and  when  heated  to  redness  only 
2J-  volumes,  of  carbonic  acid  gas. 

Meerschaum,  like  charcoal,  absorbs  a  greater  bulk  of  rare  than 
dense  gas.  Thus  a  mass  of  meerschaum  of  the  bulk  13-37  absorbed, 

«  When  tlic  meerschaum  is  employed  as  dry  as  it  can  be  procured  in  the  common 
teinperamre  of  the  atmosphere,  but  without  being  heated  red-hot,  it  absorbs  15 
volumes  of  amuuiniacal  gas,  hut  requires  (o  do  "that  several  dajs.  On  tlie  con- 
trary, when  it  has  heen  healed  lo  redness,  the  absorption  is  completed  in  five  or 
«ix  hours.  Charcoal  gives  a  similar  result.  It  follows  from  my  experiments  that 
a  very  small  proportion  of  water  greatly  increases  the  power  of  meerschaum  to 
.Tl)sorb  carbonic  arid  gas,  but  a  great  proportion  of  water  diminishes  that  power. 
riie  ab-i.rption  of  carhonic  acid  gas  is  always  slower  when  the  meerschaum  con- 
tains  w.-iter  than  when  it  is  dry. 

+  When  the  meerschaum  was  not  heat«d  to  redness,  the  absorption  of  carbonic 
acid  g;is  amounted  to  13  volumes. 
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under  a  pressure  of  2S'46  inches  of  mercury,  only  42*5  of  carbonic 
acid  gas ;  but  when  the  pressure  was  reduced  to  9*37  inches,  the 
absorption  amounted  to  50-5. 

Exper.  2.  Absorption  of  Gases  Inj  the  adhesive  Slate  of  Menil- 
mo7itant.* — I  did  not  introduce  this  mineral  into  the  fire,  because 
it  splits,  and  contracts  itself  so  much  as  not  afterwards  to  absorb  a 
sensible  quantity  of  most  of  the  gases.  A  volume  of  adhesive  slate, 
freed  from  air  by  means  of  the  air-pump,  absorbed,  at  the  tempe- 
rature of  59"^,  the  following  proportions  of  the  different  gases : — 

Volumes. 

Ammoniacal  gas    i . . ,  1 1  'S 

Carbonic  acid    2 

Olefiant     1-5 

Azotic    0-7 

Oxygen ^ 0*7 

Carbonic  oxide 0*55 

Oxy-carbureted  hydrogen 0*55 

Hydrogen 0-48 

These  absorptions  are  still  smaller  than  those  by  meerschaum, 
and  the  differences  in  most  of  the  gases  so  small  that  they  cannot  be 
accurately  estimated.  Besides,  1  must  remark  that  when  two  gases 
in  these  experiments  appear  to  be  equally  absorbed  by  a  solid  body, 
this  does  not  entitle  us  to  conclude  that  they  have  been  absorbed  by 
it  with  equal  force.  It  is  much  more  rational  to  ascribe  the  equality 
to  the  insufficiency  of  the  experiments,  which,  had  they  been  made 
on  a  larger  scale,  would  probably  have  shown  some  difference. 

Exper.  S,  ivith  l.i^7iiform  Asbeslus  from  the  Tyrol  and  Rock  Coik. 
—The  ligniform  asbestus  which  I  employed  resembled  splinters  of 
nut-wood,  and  had  a  specific  gravity  of  1*42.  When  heated  to 
redness,  it  lost  O'li)  of  its  weight.  The  rock  cork  was  white,  of  the 
specific  gravity  0-6  ;  and  when  heated  to  redness  lost  \\  per  cent,  of 
its  weight.  Both  minerals  were  dried  by  exposure  to  a  red  heat ; 
they  were  then  deprived  of  air  by  the  air-pump,  and  at  the  tempc 
rature  of  59"  absorbed  the  following  proportions  of  gas  : — 

Ligniform  Asbestiij,  Rock  Cork. 

Volumes.  Volumes. 

An  imoniacal  gas     1 2*75  2*3 

Carbonic  acid     17  f>-82 

OlH^ant 17  0'S2 

Carh'onic  oxide   0*58  078 

Azoti'c 0-47  0-68 

*  The  specifii?  gravity  of  this  stone   is   0-95.      It  is  composed,  according  t*t 

Klaproth,  of 

Silica 62'5 

Magnesia  S'O 

Oxide  of  iron 4*0 

•SVater 220 

with  some  atoms  of    alumina,  lime,  and  carbon. 
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Liguiform  Asbestiis.  Rock  Cork. 

Volumes.  Volumes. 

Oxygen 0-47    0-68 

Oxy-carbureted  hydrogen     0*4 1    0"6S 

Hydrogen 0-31    0-68 

It  is  worthy  of  attention  that  rock  cork,  though  much  more 
spongy,  shows  a  smaller  ditference  in  the  proportion  of  tlie  different 
gases  absorbed.  Amianthus  squeezed  forcibly  together  exhibited  no 
sensible  difference  in  its  absorption. 

Exper.  4,  tvith  Saxon  Hydrophune,*  and  Quartz  from  P'auveri.f 
— ^I'he  Saxon  iiydrophane  was  dried  in  the  open  air,  the  quartz 
from  Vauvert  by  exposure  to  a  red  heat.  A  volume  of  each  of  them 
freed  from  air  by  the  air-pump  absorbed  the  following  proportions 
of  gases : — 

Hydrophane.  Quartz. 

Volumes.  Volumes. 

Ammoniacal  gas 64  10 

Muriatic  acid    17  

Sulphurous  acid    7*^7  

Carbonic  acid    1  0*6 

defiant    0'8  0'6 

Azotic 0-6  0-45 

Oxygen     0-6  0-45 

Hydrogen     0*4  0-37 

The  swimming  quartz  from  St.  Ouen,  of  the  specific  gravity 
0-468,  gave,  when  treated  in  the  same  way,  no  perceptible  differ- 
ence in  its  absorptions. 

Exper.  5,  with  Sulphate  of  L'mie. — It  was  in  the  state  of  cal- 
cined gypsum,  hardened  by  water,  and  dried  in  the  open  air.  Its 
specific  gravity  was  096.  One  volume  of  it  freed  from  air  absorbed 
the  following  quantities  of  gases  : — 

Volume. 

Oxygen  gas 0-58 

Azotic 0-.i3 

Hydrogen    0*50 

Carbonic  acid 0*43 

Exper.  6,  with  swimming  Carbonate  of  Lime,  or  Agaric  Mine- 

*  According  to  Klaprotli,  Saxon  lijdroplianc  15  compose  I  of 

Silica 93 

Alumina    l-g 

Water 5ii).5 

The  spRrific  gravity  of  my  specimen  was  1-7,  .-md  its  volume  0-2  cubic  iiicli  French. 
Hence  the  observations  could  not  be  very  precise.  The  stone  splits  in  a  red  heat  ; 
therefore  it  was  not  put  iuto  the  fire. 

+  This  qu:irtz  is  found  in  rolled  flints  at  Vauvert,  near  Nimcs,  and  appears 
10  be  pure  quartz  coloured  red  by  oxide  of  iron.  It  is  at  times  so  lijjht  as  to  stvim 
in  water.  The  specific  gravity  of  my  specimen  was  118.  100  parts  of  it  lost  in 
the  fire  3  35  parts. 
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ral* — A  volume  of  this  mineral  dried  in  the  air  absorbed  the  fol- 
lowHJg  proportions  of  gases:  — 

Carbonic  acid  gas    0*87 

Azotic 0  80 

Hydrogen    0-80 

Oxygen    0-67 

Exper.  7>  i^'ith  different  Kiiids  of  IFoods. — The  wood  was  dried 
in  the  open  air,  and  then  small  pieces  of  it  were  kept  for  several 
weeks  in  large  flasks  containing  muriate  of  lime.  Yet  some  hygro- 
metrical  water  remained  in  it,  which  became  evident  when  the  wood 
freed  from  air  was  introduced  into  ammoniacal  gas^  a  watery  vapour 
spreading  itself  during  the  absorption,  which  the  heat  disengaged 
during  the  process  forced  out.  The  same  appearances  took  place 
when  adhesive  slate,  linen,  wool,  and  silk,  were  exposed  to  the 
same  treatment.  All  these  bodies  again  absorbed  the  vapour.  The 
linen  threads  were  firmly  pressed  together  in  bundles  of  the  specific 
gravity  0'78.  One  volume  of  the  following  substances  absorbed  the 
following  proportions  of  the  different  gases  : — 


Ammoniacal  g.is 

Carbonic  acid 

Olefiaiit 

Oxy-carbiireted  hydrogen.. 

Hydrogen   

Carbonic  oxide 

Oxygen   

Azotic 


Hazel. 

Mulberry. 

Fir. 

Linen  Thread, 

100 

88 



68 

11 

0-iC 

11 

0-62 

0-71 

— 

— 

0-48 

0-58 

— 

— 

0-35 

0-58 

046 

0-75 

0-35 

0-58 

— 

— 

0-35 

0-47 

0-34 

0-50 

0-35 

0-21 

0-lS 

0  21 

0-33 

Exper.  8,  ivilh  raw  Silk  and  with  Wool. — The  specific  gravity  of 
the  skein  of  silk  was  0*731,  of  the  wool  O'G.  Before  the  experi- 
ments both  were  dried  over  muriate  of  lime.  The  temperature  was 
as  in  the  preceding  experiments.  One  volume  of  each  absorbed  the 
following  proportions  of  the  different  gases  : — 


Wool. 
Volumes, 


Silk. 
Volumes. 


Ammoniacal  gas    7^ 

Carbonic  acid  gas 1*7      I'l 

Olefiant 0-57    0-5 

Oxygen 0-43    0-44 

Carbonic  oxide 0-3      0-3 

Hydrogen 0-3      0-3 

Azotic     0-24    0-125 

»  This  very  light  variety  ef  chalk  is  found  on  Jura,  and  has  only  tlie  specific 
gravity  0-465.  100  parts  of  it  dissolve  completely  in  nitric  acid,  and  give  out  35 
parts  of  carbonic  acid  gas,  which  amounts  to  83  parts  of  carbonate  of  lime.  The 
remaining  17  parts  are  chieQy  water;  which  always  exist  in  a  greater  or  smaller 
proportion  in  all  stones  possessed  of  a  certain  degree  of  porosity. 


J  815.1  i^ie  Gases  hj  cLKferenl  Bodies.  253 

All  the  bodies  with  which  these  experiments  were  made,  ex- 
cepting charcoal  and  hydrophane,  from  the  way  in  which  I  treated 
them  before  the  absorption  of  the  gases,  imbibed' a  good  deal  of 
mercury.  No  attention  vvas  paid  to  tiiis,  as  it  appears  that  the 
volumes  absorbed  of  tlie  little  absorbable  gases  are  smaller  than  the 
size  of  the  pores  of  the  absorbing  bodies. 

6.  Influence  of  the  ^jflmly  avd  Elasticity  of  the  Gases,  a7id  of  the 
Porosity  of  the  solid  Bodies  on  the  Absorption. 

The  rate  of  absorption  of  different  gases  appears  to  be  the  same 
in  all  bodies  of  similar  chemical  properties.  All  the  varieties  of 
asbestus  condense  more  carbonic  acid  gas  than  oxygen  gas ;  woods 
condense  more  hydrogen  than  azote.  But  the  condensations  them- 
selves in  ditferent  kinds  of  asbestus,  or  wood,  or  charcoal,  are  very 
far  from  being  tqual.  Ligniform  asbestus  absorbs  a  greater  volum^ 
of  carbonic  acid  gas  than  rock  cork  ;  so  does  hydrophane  than  the 
swimming  quartz  of  St.  Ouen  and  the  quartz  of  Vauvert ;  and  the 
absorption  of  gases  by  box-wood  charcoal  is  much  greater  than  by 
fir  charcoal.  These  differences  are  not  in  the  least  altered  if, 
instead  of  equal  volumes,  equal  weights  of  ciiarcoal  be  em- 
ployed. 

Count  Morozzo  thinks  he  has  observed  that  the  most  combustible 
charcoal,  and  that  which  is  most  proper  for  the  preparation  of  gun- 
powder, j)ossesses  the  smallest  power  of  absorbing  gases ;  and  con- 
ceives that  this  may  be  owing  to  a  chemical  difference  in  the  com- 
position of  charcoals.  But  as  the  analysis  of  charcoals  of  very 
different  absorbing  powers  shows  always  the  same  constituents,  this 
explanation  must  be  renounced;  and  we  must  rather  ascribe  the 
cause  of  this  difference  to  the  physical  state  of  the  charcoal,  as, 
for  example,  to  the  number  and  size  of  the  pores  which  it  con- 
tains. 

To  be  able  to  determine  the  influence  which  the  porosity  or  the 
state  of  aggregation  of  solid  bodies  has  upon  their  power  of  absorb- 
ing gases,  I  compared  with  each  otiier  the  quantities  which  the 
same  piece  of  box-wood  charcoal  absorbed  when  whole,  and  when 
reduced  to  an  impalpable  powder.  The  piece  of  charcoal  weighed 
2*94  grammes  (45*4  grains  troy),  and  had  a  volume  of  492  cubic 
centimetres  (0-3  cubic  inch  English),  and  absorbed,  when  freed 
from  air  by  the  air-pump,  35i  cubic  centimetres  (2*731  cubic 
inches),  or  about  7t  tiincs  its  volume  of  atmospherical  air.  It  was 
now  rubbed  to  an  impalpable  powder,  and  put  into  a  glass  tube, 
both  the  ends  of  which  were  shut  up  with  gauze.  In  this  state  its 
weight  vvas  the  same  as  before;  but  its  volume  was  7*3  cubic  centi- 
metres (0*445  cubic  inch)  ;  and  when  freed  from  air  by  the  air- 
pump,  it  absorbed  only  208  cubic  centimetres  (1*355  cubic  inch) 
of  atmospherical  air,  'I'hus  it  absorbed  about  three  times  its  volume 
in  a  pulverized  state,  and  aijout  Ji.  times  its  volume  when  whole; 
so  that  by  destroying,  opening,  and  widening,  the  small  cells  of  the 


254  Observations  on  the  Absorption  of  [Oct. 

charcoal,  its  power  of  absorbing  is  distinctly  weakened.  The  con- 
densation of  gases  in  solid  bodies  appears  to  us  to  be  an  analogous 
result  with  the  rise  of  liquids  in  capillary  tubes.  Both  are  in  the 
inverse  ratio  of  the  size  of  tiie  interior  diameters  of  the  tubes  or 
pores. 

The  absorbing  power  of  most  kinds  of  charcoal  increases  as  the 
specific  gravity  increases  ;  and  it  is  obvious  that  this  last  must  be- 
come greater  in  propoi  tion  as  the  pores  become  smaller  and  nar- 
rower. Charcoal  from  cork,  of  a  specific  gravity  not  exceeding  0-1, 
absorbed  no  sensible  quantity  of  atmospherical  air.  Charcoal  from 
fir,  of  the  specific  gravity  0*4,  absorbed  4^  times  its  volume  of 
atmospherical  air.  Box-wood  cliarcoal,  of  the  specific  gravity  0*6, 
absorbed  7-3- times  its  bulk  of  air;  and  pit  coal  from  Russiberg, 
which  was  of  vegetable  origin,  and  of  the  specific  gravity  1  -326, 
absorbed  10^  times  its  vohune  of  air.  If  we  were  to  go  on  trying 
coals  of  always  greater  specific  gravities,  we  should  soon  come  to  a 
limit  when  the  pores  would  be  too  small  to  allow  gases  to  enter: 
then  all  absorption  would  cease,  though  the  s])ecific  gravity  in- 
creased. Thus  the  Hack  lead  from  Cumberland,  which  contains 
0-96  of  carbon,  and  may  therefore  be  considered  as  a  coal,  though 
its  specific  gravity  is  2*17,  produces  no  alteration  on  atmospherical 
air.  The  same  was  the  case  with  a  coal  of  nearly  the  same  weight : 
which  I  obtained  by  distilling  volatile  oil  through  a  red-hot  porce- 
lain tube. 

But  this  correspondence  of  the  power  of  absorbing  with  the  spe- 
cific gravity  is  only  accidental.  More  accurate  experiments  show 
remarkable  deviations  from  this  rule.  The  diflerent  kinds  of  char- 
coal, whether  of  similar  or  dissimilar  specific  gravities,  always  differ 
from  each  other  in  their  organization.  They  cannot  be  considered 
as  resembling  a  sponge,  whose  pores  and  density  may  be  modified 
by  pressure. 

I  expected  to  be  able  to  render  those  bodies  capable  of  absorbing 
air,  which,  like  the  black  lead  of  Cumberland,  are  too  dense,  and 
have  too  few  pores,  to  allow  a  passage  for  gases,  by  reducing  them 
to  a  fine  powder.  But  my  expectations  were  disappointed.  The 
pores,  formed  by  reducing  a  solid  body  to  powder,  appear  to  be  too 
light,  too  open,  and  in  too  small  quantity,  to  be  able  to  condense  a 
sensible  quantity  of  carbonic  acid,  azote,  oxygen,  or  hydrogen. 
But  they  seem  to  act  upon  elastic  fluids,  which  lose  their  elasticity 
by  a  small  increase  of  pressure  ;  for  I  know  no  body  which  in  the 
state  of  a  fine  powder  is  not  capable  of  absorbing  moisture  from  the 
atmosphere ;  as  is  shown  by  the  loss  of  weight  which  all  powders 
capable  of  standing  the  action  of  fire  undergo  when  heated. 

From  the  experiments  hitherto  made,  it  appears  that  the  power 
which  the  gases  possess  of  being  condensed  in  solid  bodies  is  within 
certain  limits  in  the  inverse  ratio  of  the  internal  diameter  of  the 
pores  of  the  absorbing  bodies. 

But,  besides  the  porosity,   there  are  tvvo  other  circumstances 
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which  must  be  attended  to  in  these  absorptions  :  1 .  The  different 
affinities  which  exist  between  the  bases  of  the  gases  and  the  absorb- 
ing bodies ;  and  2.  The  power  of  expansion  of  the  gases,  or  the  oppo- 
sition which  they  make  to  their  condensation  in  different  degrees  of 
heat  and  atmospherical  pressure. 

We  find  an  example  of  the  action  of  this  affinity  in  the  different 
orders  in  which  the  gases  are  absorbed  by  different  bodies.  Charcoal 
and  meerschaum  absorb  more  azotic  than  hydrogen  gas  ;  wood,  on 
the  other  hand,  more  hydrogen  than  azotic  gas.  The  influence  of 
elasticity  shows  itself  in  this,  that  tlie  condensation  of  the  gases  is 
not  always  proportional  to  the  affinity  of  their  bases  to  the  absorbing 
bodies.  Thus  carbonic  acid  gas  is  absorbed  in  greater  quantity  by 
charcoal  fhan  oxygen  gas,  although  the  affinity  of  oxygen  saturated- 
with  carbon  to  charcoal  can  only  be  weak.  To  the  elastic  fluids,- 
absorbed  most  copiously  by  porous  I)odies,  belong  for  the  most  part 
those  which,  by  a  known  diminution  of  temperature,  or  increase  of 
pressure,  lose  their  gaseous  state.  Thus  the  vapour  of  water  is 
absorbed  in  great  abundance  by  all  porous  bodies  capable  of  absorb-i 
ing  gases,  yhnmoniaccd  gas  is  always  absorbed  in  greatest  abun- 
dance ;  and  the  vapour  of  sulphuric  ether,  which  is  absorbed  in 
great  quantity,  by  charcoal,  meerschaum,  ligniform  asbestus,  and 
all  bodies  which  have  the  property  of  absorbing  gases. 

When  the  gases  have  a  greater  inclination  to  retain  their  elastic 
state  than  to  unite  with  porous  bodies,  the  difference  of  the  affinities 
between  their  bases  and  these  bodies  does  not  appear.  This  takes 
place  in  all  cases  when  the  condensation  does  not  correspond  with 
the  known  affinity.  On  the  contrary,  when  the  affinity  of  the  bases 
of  the  gases  for  the  porous  bodies  surpasses  or  destroys  their  elasti- 
city, the  absorption  corresponds  with  the  known  affinity. 

From  these  observations  it  follows,  that  the  condensation  of  gases 
by  porous  bodies,  abstracting  from  the  influence  of  the  pores,  depends 
upon  two  powers:  1.  The  attraction,  by  means  of  which  the 
bases  of  the  gases  and  the  porous  bodies  endeavour  to  unite  toge- 
ther :  and  2.  The  elasticity  of  the  gases,  or  the  affinity  of  their  bases 
to  heat.  These  two  powers  oppose  one  another ;  and  the  absorption 
of  the  gases  by  solid  bodies  is  the  result  of  their  difference.  These 
two  powers  have  long  ago  been  considered  by  Berthollet,  who 
showed  tiiat  the  elasticity  of  the  gases  is  a  power  which  opposes 
their  chemical  combinations.  I  have  iiere  merely  applied  the  doc- 
trine of  this  celebrated  chemist  to  the  object  which  I  had  in  view. 

{Tit  be  continued.) 
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Article  II. 

A71  Aiiahjsh  of  the  Mineral  IVaters  of  Dunllane  and  Pilcaithly  ; 
with  General  Observations  on  the  Anabjsis  of  Mineral  I'FalerSy 
and  the  Composition  of  Bath  IFater,  (^c.  By  John  Murray, 
M.D.  F.R.S.E. 

{Read  to  the  Royal  Society  of  Edinburgh,  Nov.  20,  1814.) 

I  PROPOSE  to  submit  to  the  Society  the  analysis  of  a  mineral 
water  of  tlie  saline  class,  which  has  lately  been  discovered  in  the 
neighbourhood  of  Dunblane.  The  subject  may  have  rather  more 
interest  than  usually  belongs  to  researches  of  this  nature,  from  the 
composition  of  this  water  being  such  as  promises  to  afford  a  spring 
of  considerable  medicinal  efficacy,  and  trom  its  resemblance  to 
another  mineral  water  of  some  celebrity — that  of  Pitcaithly,  the 
analysis  of  which  1  have,  from  this  circumstance,  been  also  led  to 
undertake.  The  investigation,  too,  may  afford  some  illustrations  of 
the  different  methods  that  may  be  employed  in  the  analysis  of 
waters  of  this  class,  and  of  (he  facility  and  precision  which  are  given 
to  these  researches,  by  the  results  that  have  been  established  with 
regard  to  the  definite  proportions  in  which  many  bodies  combine, 
and  the  uniformity  of  the  relations  which  thus  exist  between  the 
compounds  they  form.  And  it  has  led  to  some  views  with  regard 
to  the  constitution  of  mineral  waters  of  the  saline  class,  which  I 
have  applied  to  the  composition  of  some  of  the  most  celebrated 
mineral  waters.  In  performing  the  principal  experiments  on  the 
Dunblane  water,  I  had  the  advantage  of  Mr.  Ellis's  co-operation. 

I. — ANALYSIS    OF   THE    DUNBLANE   WATER. 

This  water  was  discovered  last  summer,  and  was  first  taken  notice 
of  from  the  circumstance  of  the  frequent  resort  of  flocks  of  pigeons 
to  the  ground  where  it  breaks  out.  It  appears  in  two  springs,  at 
the  distance  of  nearly  half  a  mile  from  each  other,  in  a  field  about 
two  miles  to  the  north  of  Dunblane,  the  property  of  the  Earl  of 
Kinnoul.  This  district  is  at  no  great  distance  from  the  range  of  the 
Grampians,  to  which  it  ascends ;  masses  of  the  primitive  rocks  are 
spread  over  the  surface,  and  are  found  in  the  beds  of  the  streams ; 
among  which  the  conglomerate  rock  that  seems  to  skirt  the  Gram- 
pians is  abundant.  Tlie  prevailing  rock  of  the  district  itself  is  the 
red  sand-stone,  and  it  is  generally  covered  by  a  bed  of  gravel,  in 
many  places  of  considerable  depth.  It  is  from  this  sand-stone  that 
the  water  appears  to  issue.  The  spring,  however,  in  both  the  places 
where  it  breaks  out,  has  been  laid  open  only  to  the  depth  of  two  or 
three  feet  from  the  surface,  and  has  not  been  traced  to  any  extent. 
Its  proper  source  is  therefore  unknown,  and  it  also  remains  uncer- 
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tain  how  far  it  may  be  diluted  with  water  from  the  surfiice,  or  from 
other  springs.  The  water  from  the  lower,  or  what  for  distinction 
may  be  named  the  south  spring,  is  weaker  in  taste  than  the  water  , 
of  the  north  spring;  and  from  the  subsequent  experimenti  is  proved 
to  contain  rather  less  foreign  matter.  The  ingredients,  however, 
are  the  same ;  and  the  difference  therefore  probably  arises  from  the 
water  of  the  lower  spring  being  flirther  diluted  in  its  course.  This 
difference  led  to  the  analysis  of  the  water  of  both  springs.  It^  is 
proper  to  remark,  that  both  have  been  submitted  to  examination 
after  a  season  unusually  dry. 

Analysis  of  the  IVater  of  the  North  Spring. 

The  taste  of  this  water  is  saline,  with  some  degree  of  bitterness. 
As  procured  from  the  principal  pool  at  which  it  issues,  it  is  free 
from  smell;  procured,  however,  from  some  other  pools,  at  the 
distance  only  of  a  few  feet,  its  smell  is  slightly  sulphureous,  pro- 
bably owing  to  impregnation  from  matter  at  or  immediately  under 
the  soil.  Its  sensible  operation  on  the  system  is  that  of  a  diuretic 
and  purgative.  The  former  effect  is  usually  obtained  when  a  quan- 
tity is  taken  by  an  adult,  from  an  English  pint  to  a  quart ;  the 
latter,  when  more  than  a  quart  is  taken.  The  specific  gravity  of 
the  water  is  1'00475.  It  suffers  no  change  in  its  sensible  qualities 
from  exposure  to  the  air. 

The  state  of  the  spring  is  at  present  such,  that  any  gaseous  im- 

Sregnation  of  the  water  cannot  be  determined  with  precision, 
ubbles  of  air  frequently  rise  from  the  bottom  of  the  pool,  but  this 
13  merely  atmospheric  air  :  transmitted  through  lime-water,  it  pro- 
duced no  sensible  railkiness ;  nor  does  the  water  appear  to  contaia 
any  free  carbonic  acid. 

The  usual  re-agents  present  with  the  water  the  following  appear- 
ances : — 

1 .  The  colours  of  litmus,  violet,  and  turmeric,  are  not  sensibly 
affected. 

2.  Muriate  of  barytes  produces  an  immediate  turbidness,  and 
rather  copious  precipitation,  which  is  very  slightly,  if  at  all,  re- 
moved by  nitric  acid. 

3.  Nitrate  of  silver  gives  a  very  dense  and  abundant  precipitate. 

4.  Water  of  potash  produces  a  turbid  appearance,  not  very  con- 
siderable. 

5.  Carbonate  of  potash  throws  down  an  abundant  precipitate, 
which  disappears  with  effervescence  on  adding  nitric  acid. 

(J.  Lime-water  causes  no  change. 

7.  Ammonia  does  uot  cause  any  precipitation,  nor  does  it  even 
impair  the  transparency  of  the  water. 

tt.  Oxalate  of  potash,  or  of  ammonia,  occasions  a  copious  pre- 
cipitation. 

9,  Tincture  of  galls  has  no  immediate  sensible  effect ;  but  after 
an  hour  or  two  a  purplish  tint  is  exhibited,  which  deepens  from  ex- 
posure to  the  air,  and  inclines  to  olive-green. 

Vol.  VI.  N"  IV.  R 
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These  results  establish  the  following  conclusions  : — 

Expcr.  1,  proves  that  no  free  acid  or  alkaline  matter  is  present, 
nor  any  alkaline  carbonate. 

Exper.  2,  denotes  the  presence  of  sulphuric  acid. 

Exper.  3,  indicates  the  presence  of  muriatic  acid. 

From  Exper.  4  and  5,  may  be  inferred  the  presence  either  of 
lime,  or  magnesia,  or  both. 

Exper.  6  and  7j  prove  that  magnesia  is  not  present,  nor  argil. 

Exper.  8,  proves  the  presence  of  lime. 

Exper.  9,  indicates  a  minute  portion  of  iron. 

The  saline  taste  of  the  water,  and  the  precipitation  so  abundant 
by  nitrate  of  silver,  render  probable  the  presence  of'  muriate  of 
soda,  and  it  is  accordingly  obtained,  when  the  water  is  evaporated 
nearly  to  dryness,  cubical  crystals  of  it  forming  in  the  saline  liquid. 

From  the  whole,  therefore,  the  principal  ingredients  of  this  water 
may  be  inferred  to  be  muriates  of  soda  and  lime,  with  a  smaller 
portion  of  a  sulphate,  and  a  minute  quantity  of  iron.  These  con- 
clusions suggested  the  following  method  of  analysis. 

An  English  pint  of  the  water  was  evaporated  to  diiyness ;  and  the 
solid  residuum  was  exposed  to  a  heat  approaching  to  redness,  until 
it  became  perfectly  dry.  It  weighed  while  warm  47  grains.  It 
quickly  attracted  moisture  from  the  air,  so  that  its  surface  soon  be- 
came humid  ;  and  on  leaving  it  exposed  for  2  t  hours,  a  consider-, 
able  portion  was  dissolvedj  forming  a  dense  liquor,  while  a  portion 
remained  undissolved. 

The  whole  solid  matter,  being  rendered  dry,  was  submitted  to 
the  action  of  alcohol,  with  the  view  of  separating  by  solution  the 
muriates  of  soda  and  lime,  of  which  it  was  supposed  to  be  princi- 
pally composed.  It  is  well  known  that  this  method  is  liable,  in 
some  degree,  to  two  sources  of  error ;  the  one,  that  a  little  muriate 
of  soda  is  dissolved  by  the  alcohol  with  the  muriate  of  lime;  the 
other,  that  even  when  a  large  quantity  of  alcohol  is  employed,  the 
undissolved  muriate  of  soda  retains  a  small  portion  of  muriate  of 
lime.  In  estimating  the  quantities  from  the  results,  these  errors, 
indeed,  in  some  measure  counterbalance  each  other;  but  still  they 
may  exist  in  difterent  degrees,  according  to  the  quantity  and  strength 
of  the  alcohol,  and  it  is  necessary  therefore  to  obtain  perfect  preci- 
sion, to  obviate  them  as  far  as  possible. 

With  this  view  the  entire  matter  was  digested  with  repeated  por- 
tions of  alcohol,  of  the  specific  gravity  of  836,  until  about  six  times 
its  weight  had  been  employed;  the  solvent  action  being  aided  by 
frequent  agitation,  and  an  occasional  heat  of  about  100°.  It  was 
then  lixiviated  with  a  small  portion  of  distilled  water,  to  remove 
more  effectually  from  the  muriate  of  soda  any  adhering  muriate  of 
lime.  The  difterent  liquors,  being  mixed,  were  evaporated  to 
dryness;  and  this  dry  mass  was  again  submitted  to  the  action  of 
alcohol,  more  highly  rectified,  (being  of  the  specific  gravity  of 
825,)  and  in  smaller  quantity,  so  as  to  dissolve  only  that  part  of  it 
whicli  was  muriate  of.  lime.     A  small  portion  of  muriate  of  soda. 
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whicli  had  been  dissolved  in  the  first  digestion,  was  thus  obtained, 
and  was  added  to  the  residue  of  that  operation.  •  The  whole  undis- 
solved matter  being  dried  at  a  low  red  heat,  weighed  while  warm* 
2S-5  grains  :  it  was  in  small  grains,  having  a  taste  purely  saline. 
The  alcoholic  solution  afforded,  by  evaporation,  a  matter  which, 
entered  into  fusion,  and  w  hich,  after  being  dried  at  a  heat  approach- 
ing to  redness,  weighed  while  warm  18-2  grains.  It  was  highly 
deliquescent,  so  as  to  increase  quickly  in  weight,  and  in  a  short 
time  became  humid  on  the  surface. 

These  two  products  were  evidently  principally  muriate  of  soda 
and  muriate  of  lime.  But  it  was  necessary  to  ascertain  if  they  were 
entirely  so,  as  both  of  them  might  contain  small  portions  of  other 
ingredients. 

The  matter  dissolved  by  the  alcohol,  supposing  it  to  be  muriate 
of  lime,  would  require  for  its  conversion  into  sulphate  of  lime  about 
16'  grains  o£  sulphuric  acid  of  the  usual  strength  :  IS  grains  were 
added  with  a  small  portion  of  distilled  water,  and  heat  was  applied  ; 
vapours  of  muriatic  acid  were  discharged  :  to  render  the  mutual 
action  more  complete,  small  portions  of  water  were  successively 
added,  the  soft  mass  being  frequently  stirred;  and  when  the  vapours 
had  ceased  to  exhale,  the  heat  was  raised  to  redness,  to  expel  any 
excess  of  acid.  The  dry  matter  weighed  22  grains,  precisely  t}ie 
quantity  that  ought  to  be  obtained  from  18  grains  of  muriate  of 
lime. 

It  was  diffused  in  a  quantity  of  water,  which  it  at  first  absorbed 
witli  a  hissing  noise.  The  water,  after  having  been  added  in  suc- 
cessive quantities,  with  frequent  agitation,  being  poured  off,  the 
undissolved  matter  was  dried  at  a  low  red  heat:  it  weighed  18-5 
grains,  and  formed  a  soft  white  powder,  free  from  taste.  The 
water  poured  off  was  very  slightly  acidulous.  This  was  neutralized 
by  ammonia;  it  was  then  evaporated  to  dryness,  and  the  solid 
matter  was  heated  to  redness.  On  again  submitting  it  to  the  action 
of  a  small  quantity  of  water,  a  portion  remained  undissoUed,  which 
wei^rhed  when  dried  2  grains. 

There  were  thus  obtained  20-5  grains  of  sulphate  of  lime,  a 
quantity  equivalent  to  1G7  of  dry  muriate  of  lime.  The  small 
portion  of  liquor  whicii  remained  in  the  last  opeiaiion  liad  a  bitterish 
taste;  liy  spontaneous  evaporation,  it  formed  acicular  crystals ;  di- 
luted with  distilled  water,  it  became  slightly  turbid  on  adding  oxa- 
Lite  of  animonia,  and  more  so  on  the  addition  of  alcohol  ;  jjut  in 
the  latter  case,  the  transp:<iency  was  restored  on  adding  water.  With 
a  minute  portion,  therefore,  of  sulphate  of  lime,  it  appeared  to  be 
principally  sulpluife  of  soda,  derived  from  a  little  muriate  of  soda, 
which,  notwithstaiifling  the  precautions  that  were  employed,  had 
adhered  to  the  muriate  of  lime. 

The  matter  vvliich  remained  undissolved  by  the  alcohol  weighed, 
It  has  been  stated,  2B*.'>  grains.  It  remained  to  ascertain  if  it  were 
entirely  muriate  of  soda. 

i^fing  agitated- witli  about  half  an  ounce  of  distilled  water,  the. 
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greater  part  was  dissolved.  The  portion  which  remained  undis- 
solved, after  being  washed  with  small  quantities  of  distilled  water, 
and  dried,  weighed  2-t  grains.  To  this  matter  a  little  diluted  nitric 
acid  being  added,  a  slight  effervescence  was  excited :  a  thin  crust, 
too,  adliered  to  the  sides  of  the  small  glass  globe  in  which  the  last 
stage  of  the  evaporation  had  been  performed,  which  was  dissolved 
with  effervescence  by  a  weak  acid.  The  quantity  of  carLnnate  of 
lime  thus  indicated  may  be  estimated  at  0-5  grain.  The  remainder 
of  the  undissolved  residue  being  washed  and  dried,  was  heated  with 
two  or  three  drops  of  sulphuric  acid,  and  was  thus  rendered  soluble 
in  water.  When  neutralized  by  ammonia,  the  solution  became 
milky  3  hut  its  transparency  was  restored  by  adding  more  water  ;  it 
became  quite  turbid  on  adding  oxalate  of  potash,  and  a  precipitate 
Was  thrown  down  by  alcohol.  It  was  therefore  sulphate  of  lime. 
Its  quantity  may  be  stated  at  two  grains. 

The  solution  had  a  taste  purely  saline.  The  test  of  oxalate  of 
ammonia,  however,  showed  the  presence  in  it  of  a  small  quantity 
of  lime  J  the  addition  of  the  oxalate  was  therefore  continued  as  long 
as  any  precipitation  took  place,  and  the  precipitate  was  collected 
and  dried.  It  weighed  1'3  grain.  This  production  of  oxalate  of 
lime  evidently  arose  from  the  presence  of  a  small  portion  of  muriate 
of  lime,  which,  notwithstanding  the  precautions  that  had  been  em- 
ployed, had  adhered  to  the  muriate  of  soda.  Supposing  that  this 
had  not  escaped  the  action  of  the  alcohol,  but  had  been  dissolved 
by  it,  and  in  the  subsequent  stage  of  the  experiment,  been  con- 
verted into  sulphate  of  lime,  it  would  have  increased  the  quantity 
of  this  sulphate  about  \"2  grain,  making  it  therefore  21 '7,  equiva- 
lent to  17'G  grains  of  dry  muriate  of  lime,  which  the  pint  of  water 
contains. 

The  solution  contained  also  a  minute  quantity  of  sulphuric  acid ; 
for  after  removing  any  slight  excess  of  oxalic  acid  that  might  have 
been  present,  it  still  gave  a  precipitate  on  the  addition  of  muriate 
of  barytes.  Supposing  this,  as  well  as  the  rest  of  the  sulpliuric  acid, 
to  have  existed  in  the  water  in  the  state  of  sulphate  of  lime,  it  wil! 
increase  the  quantity  of  that  ingredient  (calculating  from  the  weight 
of  the  precipitate  of  sulphate  of  barytes  obtained),  from  the  two 
grains  formerly  noticed  to  2"9. 

"  There  appeared  now  to  remain  nothing  but  pure  muriate  of  soda. 
The  solution  by  slow  evaporation  afforded  that  salt  in  cubical  crys- 
tals, which,  dried  at  a  low  red  heat,  weighed  24*5  grains.  Allowing 
0*8  of  this  as  the  portion  of  product  formed  by  tlie  action  of  the 
muriate  of  barytes,  it  leaves  23*7  grains.  And  if  to  this  be  added 
one  grain,  as  the  equivalent  of  the  small  portion  of  sulphate  of 
soda,  already  noticed  as  formed  by  the  action  of  the  sulphuric  acid 
on  the  muriate  of  soda  adhering  to  the  muriate  of  lime  after  the 
operation  of  the  alcohol,  it  gives  the  quantity  of  muriate  of  soda  at 
24*7  grains. 

From  these  results,  the  solid  ingredients  in  a  pint  of  this  wflter 
appear  to  be. 
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Gram*.        ;  , : 

Muriate  of  soda 247 

Muriate  of  lime 17'5 

Sulphate  of  lime     ....,..;  2-9  . 

Carbonate  of  lime ^^  -   0'5i' 

With  a  trace  of  iron.  

457 

Having  completed  the  analysis  in  this  manner,  I  wished  to  con- 
firm it  by  a  different  method.  A  very  simple  one  presented  itself  — 
to  reduce  by  evaporation  to  dryness — obtain  the  sulphate  of  lime  as 
before— then,  dissolving  the  mixed  mass  of  muriate  of  lime  and 
muriate  of  soda  in  water,  decompose  the  muriate  of  lime  by  oxalate 
of  ammonia,  so  as  to  find  the  quantity  of  it  present,  and  after  evaj- 
poration  to  volatilize  the  muriate  of  ammonia  by  he.<it,  and  thus 
obtain  the  muriate  of  soda.  The  results  in  this  mode  ought  to  cor- 
respond with  those  in  the  former ;  and  the  one,  therefore,  afford 
a  confirmation  of  the  other,  or  lead  to  the  discovery  of  any  fallacy 
if  it  exist. 

A  pint  of  the  water  was  evaporated  to  dryness,  and  afforded,  as 
before,  47  grains  of  solid  matter.  This  being  submitted  to  the 
action  of  a  small  quantity  of  distilled  water,  was  dissolved,  with  the 
exception  of  a  residue  of  sulphate  of  lime,  which  weighed  2*6 
grains,  and  a  little  carbonate  of  lime,  which  may  be  estimated,  as 
before,  at  0*5  grain. 

To  the  clear  solution  a  solution  of  oxalate  of  ammonia  was  added 
as  long  as  any  turbid  appearance  was  produced  ;  and  after  the  pre- 
cipitate had  subsided,  tlie  liquor  was  heated  nearly  to  boiling,  to 
render  the  mutual  action  and  the  precipitation  more  perfect.  The 
precipitate  being  repeatedly  washed  with  distilled  water,  was  dried 
by  the  heat  of  a  sand-bath  raised  gradually,  and  kept  lower  than  a 
red  lieat.  It  weighed  21  gr.  The  quantity  of  muriate  of  lime  which 
would  be  equivalent  to  this  cannot  be  inferred  with  certainty  from  any 
previous  analysis  of  oxalate  of  lime ;  for  as  the  oxalate  cannot  be 
exposed  to  a  red  heat  without  decomposition,  it  cannot  easily  he 
subjected  to  a  precise  degree  of  heat,  by  whicii  we  can  be  certain  of 
obtaining  it  in  an  uniform  state  of  dryness,  *  Jt  is  necessary,  there- 
fore, that  in  every  case  the  quantity  of  lime  should  be  found  in  the 
oxalate  that  is  operated  on.  Tiie  above  quantity  of  21  grains  was 
converted  by  calcination  into  carbonate  of  lime  ;  and  this  being 
decomposed  by  muriatic  acid,  the  quantity  of  muriate  of  lime  ob- 
tained, dried  at  a  low  red  heat,  and  weighed  while  warm,  amounted 
to  I  S'3  grains. 

The  liquor  poured  off  from  the  precipitate  was  evaporated  to 
dryness;  and  to  expel  the  muriate  of  ammonia  formed  by  the  action 

*.  I?pfi'rring  (o  ^ho^c  analyses  which  mfiy  be  supposed  to  be  most  dcr.urat^r  21 
frrains  of  oxalate  of  limtf  will  be  fuund  equivalent  to  Viirious  proportions,  iroox 
17'j  to  19'J  of  muriate  of  lime.  i '?' 
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of  the  oxalate  of  ammonia  on  the  muriate  of  lime,  the  heat  was 
continued  while  any  vapours  were  disengaged,  and  at  the  end  was 
raised  nearly  to  redness.     The  dry  mass  weighed,  while  warm,  25 
grains.     Being  dissolved  in  water,  its  solution  was  rendered  very 
slightly  turbid  by  the  addition  of  muriate  of  barytes,  showing  the 
presence  of  a  minute  portion  of  sulphuric  acid.     A  quantity  of  pre- 
cipitate was  collected,  which,  when  dried,  weighed  08  grain.  Sup- 
posing the  sulphuric  acid  of  this  to  have  originally  existed  in  the 
water,  along  with  the  other  portion  of  this  acid,  in  the  state  of  sul- 
phate of  lime,  it  gives  a  proportion  of  that  sulphate  of  0-5  grain, 
and  of  course  increases  the  quantity  of  it  from  the  2G  grains  ob- 
tained by  evaporation  to  3*1  grains.     An  equivalent  quantity  must 
at  the  same  time  be  subtracted  from  the  proportion  of  muriate  of 
lime,  which  may  therefore  be  reduced  to  18  grains.  By  evaporation 
of  the  liquor,  muriate  of  soda  was  obtained,  weighing,  when  it  had 
been  dried  at  a  low  red  heat,  24*3  grains.     Of  this  a  small  portion 
(0'4)  would  be  formed  by  the  muriate  of  barytes,  which  requires  to 
be  deducted  ;  but  then  the  sulphuric  acid  which  existed  in  the  mass, 
could,  after  the  action  of  the  oxalate  of  ammonia,  and  the  exposure 
to  a  red  heat,  exist  in  it  only  in  the  state  of  sulphate  of  soda,  in  the 
production  of  which  an  equivalent  portion  of  muriate  of  soda  would 
be  decomposed.     The  quantity  of  muriate  of  soda  obtained,  there- 
fore, by  the  evaporation,  may  be  regarded  as  the  just  proportion 
indicated  by  the  analysis. 

The  results,  then,  by  this  method,  agree  very  nearly  with  those 
by  the  other ;  being  of  solid  ingredients  in  a  pint  of  the  water. 

Grains. 

Muriate  of  soda 24*3 

Muriate  of  lime 18 

Sulphate  of  lime 3'1 

Carbonate  of  lime 0*5 

With  a  trace  of  iron.  • 

45-9 

With  regard  to  both  analyses,  a  small  correction  is  to  be  made  in 
the  proportion  of  sulphate  of  lime.  The  mode  of  ascertaining  it, 
by  evaporation,  being  rather  imperfect,  I  afterwards  determined  it 
by  the  more  accurate  method  of  precipitation  by  muriate  ot  barytes ; 
applying  this  re-agcnt  with  a  slight  excess  of  acid,  so  a*s  to  prevent 
any  precipitation  ot  carbonate.  The  quantity  of  precipitate  thrown 
down  from  a  pint  of  the  water  amounted,  after  drying  at  a  low  red 
heat,  t©  6*1  grains,  equivalent  to  3'5  grains  of  sulphate  of  lime. 
As  the  portion  of  sulphate  of  lime  thus  obtained  above  that  obtained 
by  the  evaporation  would  remain  principally  mixed  with  the  muriate 
of  soda,  the  quantity  of  that  ingredient  falls  to  be  reduced  a  little, 
^nd  may  therefore  be  stated  at  24  grains. 

It  remained  to  ascertain  the  proportion  of  iron.  _  The  quantity, 
however,  was  evidently  so  small  as  to  present  a  difficulty.  Succinate 
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of  ammonia  and  benzoate  of  soda  produced  little  or  no  effect  on  the 
water  in  its  natural  state.  Infusion  of  galls  produced,  after  some 
hours,  a  dark  colour,  and  a  precipitate  very  slowly  subsided.  This 
method  has  been  employed  to  ascertain  minute  quantities  of  iron, 
and  1  endeavoured  to  avail  myself  of  it — adding  to  the  water 
infusion  of  galls,  in  small  successive  portions,  at  the  interval  oi  a 
day  or  two,  as  long  as  the  colour  appeared  to  be  rendered  deeper; 
leaving  it  exposed  to  the  air  for  a  longer  time,  that  the  whole  matter 
rendered  insoluble  might  subside ;  and,  lastly,  washing  the  preci- 
pitate, drying  and  calcining  it,  to  consume  the  vegetable  matter, 
and  obtain  the  oxide  of  iron.  The  difficulty,  however,  attending 
this  method,  is  that  of  precipitating  entirely  the  iron,  the  liquor 
never  becoming  colourless.  In  one  expeiiment,  conducted  with 
much  care,  the  quantity  of  the  calcined  product  from  two  pints 
amounted  to  0*4  grain  ;  but  it  consisted  partly  of  carbonate  of  lime. 
To  remove  this,  pure  muriatic  acid  diluted  vvas  added  in  excess,  and 
a  moderate  heat  was  applied  ;  the  precipitate  was  entirely  dissolved, 
and  the  liquor  acquired  a  deep  yellow  colour.  Being  further  diluted, 
a  little  pure  ammonia  was  added  to  it,  in  a  close  pliial,  to  precipitate 
the  oxide  of  iron,  while  the  lime  should  remain  dissolved.  The 
quantity  thus  obtained,  when  dried,  amounted  to  027  grain. 

This  method  being  liable  to  the  above  objection,  I  employed  an- 
other ;  two  pints  of  the  water  were  evaporated  :  when  reduced  to 
about  two  ounces,  a  brownish-coloured  sediment  was  deposited, 
which  vvas  removed ;  tlie  evaporation  was  carried  to  dryness,  and 
the  dry  mass  vvas  redissolved  in  distilled  water.  The  insoluble  re- 
sidue vvas  of  a  greyish  colour,  and  to  this  the  deposite  formed  during 
the  evaporation  was  added.  It  was  known  by  previous  experiments 
that  the  greater  part  of  the  iron  vvas  separated  in  this  wav ;  the  in- 
soluble matter,  when  digested  with  muriatic  acid,  affording  a  liquor, 
when  diluted  with  water,  which  gave,  after  neutralization  with  am- 
monia, a  deep  colour  with  tincture  of  galls.  To  ensure,  however, 
the  more  perfect  separation  of  tiie  iron,  ammonia  vvas  added  to  the 
solution  of  the  solid  matter  which  had  been  procured  by  evapora- 
tion, and  care  being  taken  that  the  ammonia  vvas  free  from  carbonic 
acid,  little  or  no  precipitation  could  take  place  but  of  oxide  of  iron. 
A  yellowish  flocculent  precipitate  subsided  slowly,  which,  after  being 
washed,  vvas  added  to  the  insoluble  residue. 

The  insoluble  matter  thus  collected  consisted,  as  the  preceding 
steps  of  the  analysis  establish,  chiefly  of  sulphate,  with  a  smaller 
portion  of  carbonate  of  lime,  with  which  was  mixed  the  oxide  of 
iron.  A  drop  or  two  of  sulphuric  acid  was  added,  to  convert  the 
carbonate  into  sulphate  of  lime ;  and  heat  was  applied  to  expel  any 
excess  of  acid.  A  little  pure  muriatic  acid  was  then  added  to  dis- 
solve the  oxide  of  iron,  and  to  form  with  more  certainty  the  red 
muriate,  soluble  in  alcohol,  a  drop  of  nitric  acid  vvas  added  along 
with  it.  On  applying  heat,  with  the  addition  of  a  little  water,  to 
favour  the  action,  a  yellow  colour  vvas  acquired.  When  the  excess 
of  acid  vvas  nearly  dissipated,  the  mass  was  repeatedly  lixiviated  with 
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alcohol,  in  which  sulphate  of  lime  being  insoluble,  the  muriate  of 
iron  only  would  be  dissolved.  The  alcohol  acquired  accordingly  a 
yellow  colour.  Being  evaporated  by  a  gentle  heat,  it  gave  a  resi- 
duum which,  on  a  drop  of  nitrous  acid  being  added,  became  of  a 
deep  reddish  brown  colour,  and  after  being  heated  strongly,  weighed 
0-34  grain.  Redissolved  in  muriatic  acid,  it  formed  a  rich  vellow- 
coloured  solution,  and  gave  a  deep  colour  with  tincture  of  galls. 

Even  in  this  way  the  whole  iron  is  not  obtained ;  for  the  solution 
of  the  saline  matter,  though  ammonia  had  been  added  to  it,  to  pre- 
cipitate the  iron,  still  gave  a  weak  colour  with  galls.  The  quantity 
therefore  is  rather  under-rated.  Taking  the  above,  however,  as  the 
proportion,  the  whole  composition  will  be,  in  a  pint  of  the  water 
of  the  north  spring, 

GraiB!!, 

Muriate  of  soda    24 

Muriate  of  lime    18 

Sulphate  of  lime 3-5 

Carbonate  of  lime     0*5 

Oxide  of  iron 0*17 

46-17 

Analysis  of  the  IVaicr  of  the  South  Sprit?g. 

The  water  of  this  spring  has  a  taste  similar  to  that  of  the  other, 
but  rather  weaker :  it  produces  similar  medicinal  effects.  In  the 
present  state  of  the  spring  its  strength  is  more  variable,  according  to 
tile  state  of  the  weather.  From  this  circumstance,  and  from  its 
being  rather  weaker,  it  has  probably  a  greater  intermixture  of  sur- 
face-water, or  of  the  water  of  other  springs.  When  taken  up  after 
continued  dry  vvcather,  it  afforded,  by  evaporation,  42  grains  of 
solid  matter  from  a  pint;  the  other  affording,  at  the  same  time,  47 
grains.  Its  specific  gravity  was  found  to  be  1*004 19.  It  was  in  this 
state,  the  strongest  in  which  it  was  found,  that  it  was  submitted  to 
the  following  examination. 

The  application  of  re-agents  produced  the  same  appearances  as 
with  the  water  of  the  north  spring,  indicating,  therefore,  the  pre-  , 
sence  of  the  same  ingredients.  To  determine  this  with  more  pre- 
cision, and  to  ascertain  the  proportions,  the  same  methods  of  ana- 
lysis were  employed  which  liad  been  used  with  regard  to  the  other. 
It  will  be  sufficient  to  state  the  results  by  one  method — the  second 
of  those  before  described. 

A  pint  of  the  water  was  submitted  to  evaporation,  and  afforded 
of  dry  matter,  weighed  while  warm,  42  grains.  This  was  redis- 
solved in  distilled  water.  There  remained  undissolved  a  portion 
which,  when  thoroughly  dried,  weighed  2'5  grains.  This  suffered 
a  very  slight  effervescence  with  muriatic  acid,  similar  to  that  excited 
in  the  insoluble  matter  of  the  water  of  the  north  spring;  a  similar 
thin  crust,  too,  had  formed  on  the  sides  of  the  glass  capsule,  which 
was  xemoved  with  effervescence  by  a  drop  of  niuriatic  acid.     The 
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relative  proportions,  therefore,  of  sulphate  and  carbonate  of  lime 
mav  be  regarded  as  the  same :  and  the  insoluble  residue  will  thus 
consist  of  0-3  of  carbonate  and  2*3  of  sulphate  of  lime.  By  pre- 
cipitation by  muriate  of  barytes  from  another  pint  of  the  water, 
similar  results  were  obtained. 

To  the  clear  liquor  oxalate  of  ammonia  was  added  as  long  as  it 
produced  any  turbid  appearance.  The  precipitate  collected  and 
dried,  being  converted  by  calcination  into  carbonate  of  lime, 
afforded,  when  acted  on  by  muriatic  acid,  16  grains  of  dry  muriate 

of  lime. 

The  solution  poured  off  from  the  precipitate  was  evaporated  to 
dryness,  and  tlie  dry  mass  was  exposed  to  a  heat  gradually  raised  to 
redness,  until  it  cea'^ed  to  exhale  any  vapour.  The  muriate  of 
-ammonia  formed  by  the  action  of  the  oxalate  of  ammonia  on  the 
muriate  of  lime  was  thus  expelled,  and  the  muriate  of  soda  of  the 
water  remained.     It  weighed  '22-h  grains. 

The  results,  then,  by  this  method,  are  from  a  pint  of  the  water. 

Grains. 

Muriate  of  soda     22*5 

Muriate  of  lime    16 

Sulphate  of  lime 2-3 

Carbonate  of  lime      0*3 

Oxide  of  iron    0-15 

41-25 

The  proportion  of  iron  1  have  stated  as  similar  to  that  of  the 
north  spring,  from  the  colour  produced  by  the  tincture  of  galls 
being  nearly  the  same. 

From  the  almost  perfect  similarity  in  the  composition  of  the  two 
waters,  with  regard  to  the  proportions  of  their  ingredients,  there  is 
every  reason  to  conclude  that  they  are  from  the  same  spring ;  the 
weaker  being  cither  mixed  with  surface  water  at  the  pool,  or  being 
diluted  in  its  course. 

The  determination  of  the  composition  of  this  water  suggests  the 
question  whether  this  is  such  as  to  account  for  the  medicinal  effects 
it  produces.  It  acts,  as  has  been  stated,  as  a  diuretic,  and  in  a 
larger  dose  as  a  cathartic.  This  water,  and  the  mineral  water  of 
Pitcaithly,  present  in  some  respects  a  peculiarity.  The  greater 
number  of  saline  waters  which  have  a  purgative  quality  contain 
magnesian  salts,  to  which,  as  they  are  known  to  act  as  cathartics, 
the  effect  is  obviously  to  be  ascribed.  Of  the  ingredients  of  the 
Dunblane  and  Pilcaiilily  springs,  muriate  of  lime  is  scarcely  known 
to  have  any  purgative  power  in  its  pure  form ;  and  if  muriate  of 
soda  possess  it,  it  is  only  in  an  inconsiderable  degree.  Still  there 
can  be  no  doubt  that  it  is  to  this  impregnation  that  their  operation  is 
owing  ;  and  they  afford  a  ])roof,  therefore,  of  what  is  indeed  suffi- 
ciently established,  that  the  powers  of  mineral  waters  are  often 
much  greater  than  could  be  expected  from  the  nature  and  quantity 
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of  their  ingredients,  and  that  the  action  of  saline  substances  is  in- 
creased, and  considerably  modified  when  they  are  in  a  state  of  great 
<iilution. 

Independent  of  its  purgative  operation,  and  its  adaptation  to  the 
treatment  of  diseases  in  which  this  is  advantageous,  its  composition 
may  probably  render  it  a  remedy  of  efficacy  in  some  constitutional 
affections,  particularly  in  scrofula.  Muriate  of  lime  has  attained 
some  celebrity  in  the  treatment  of  this  disease  ;  it  is  a  substance  of 
considerable  activity  in  its  effects  on  the  living  system  ;  and  it  will 
probably  operate  with  more  effect,  and  more  advantage,  in  the  state 
of  dilution  in  which  it  is  ))resented  in  a  mineral  spring,  than  when 
given  in  a  more  concentrated  form.  The  muriate  of  soda  may  coin- 
cide with  it  in  efficacy,  and  will  be  of  advantage  from  its  grateful 
taste,  and  its  stimulant  action  on  the  stomach  :  and  the  chalybeate 
impregnation  will  communicate  some  degree  of  tonic  power.  When 
employed  in. such  cases,  it  probably  ought  to  be  given  in  smaller 
doses,  than  when  the  advantage  to  be  derived  from  it  depends  on  its 
purgative  operation  ;  and  it  may  even  prove  more  advantageous  if 
given  in  a  state  of  greater  dilution.  I  shall  in  the  sequel  have  to 
state  a  view  of  its  composition,  which  connects  it  with  some  mineral 
springs  of  great  celebrity,  and  particularly  with  the  Balh  waters. 

Dunblane,  as  a  watering  place,  would  be  possessed  of  considerable 
advantages.  Siiuated  between  the  range  of  the  Ochil  Hills  and  the 
Grampians,  it  is  well  sheltered,  and  hence  enjoys  a  mild  atmosphere; 
and  the  soil,  from  being  a  bed  of  gravel  fur  a  number  of  miles 
around,  is  extremely  dry — an  advantage  inestimable  in  a  moist  cli- 
mate. 

II. — ANALYSIS    OF    riTCAITiU.Y    WATER. 

The  water  of  Pitcaithly  may  be  regarded  as  the  principal  mineral 
water  of  the  saline  class  in  this  country.  Dr.  Donald  Monro  showed 
that,  along  with  a  little  mild  calcareous  earth,  it  contained  muriate 
of  soda,  with  a  deliquescent  salt,  which  he  inferred  to  be  chiefly 
"  a  calcareous  marine,"  that  is,  muriate  of  lime.*  An  analysis  of 
it  was  pui)lished  a  number  of  years  ago,  executed  by  Messrs.  Stod- 
dart  and  Mitchell,  of  Perth.  There  are  different  springs,  the  waters 
of  which  they  found,  to  be  somewhat  different  in  strength.  The 
nature  of  the  impregnation  is  in  all  of  them,  however,  the  same. 
Selecting  the  strongest,  it  contains,  according  to  their  analysis,  the 
following  ingredients  in  an  English  pint : — 

Atmospheric  air 0'5  cub.  in. 

Carbonic  acid  gas     1 

Muriate  of  soda   12-5  grains 

Muriate  of  lime 22-5 

Sulphate  of  lime 0*7 

Carbonate  of  lime    0*6  f 

■»  Philosophical  Transactions,  vol.  Ixii. 
+  Statistical  Account  of  Scotland,  vol.  yiii. 
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•  The  composition  of  this  water,  according  to  this  analysis,  is  very 
similar  to  that  of  the  Dunblane  water.  No  account  is  given,  how- 
ever, so  far  as  I  have  been  able  to  discover,  of  the  manner  in  which 
it  had  been  executed,  and  it  is  therefore  uncertain  to  what  state  of 
dryness  the  ingredients  had  been  brought  to  which  their  proportions 
are  referred.  Hence  no  comparative  estimate  can  be  made  of  it 
with  any  other  mineral  water;  and  this  led  me  to  undertake  its 
analysis,  in  the  same  manner  as  that  of  the  Dunblane  water. 

Pitcaiihly  is  situated  in  the  valley  of  Strathern,  and  though  at 
rather  a  greater  distance  from  the  front  range  of  the  Gran)pians 
than  Dunblane,  it  is  not  improbable  that  the  spring  may  have  a 
similar  origin  with  the  Dunblane  one,  and  may  rise  from  the  red 
sand-stone  which  a])pears  to  form  the  first  rock  on  descending  from 
the  primitive  rocks,  and  to  extend  over  all  this  district. 

The  taste  of  this  water  is  saline,  and  somewhat  bitter.  Comparine' 
it  with  the  Dunblane  water,  both  being  tasted  at  the  same  time,  the 
taste  of  the  Dunblane  water  is  stronger,  and  in  particul.ir  more 
saline  than  that  of  the  other.  The  medicinal  operation  of  the  Pit- 
caithly  water,  in  tlie  sensible  effects  it  produces,  is  diuretic  and  pur- 
gative. 

The  gaseous  impregnation  of  the  water  could  be  examined  pro- 
perly only  at  the  spring,  vvliich  I  had  not  the  opportunity  of  doing. 
But  having  procured  a  quantity  of  the  water,  J  submitted  it  to  the 
«ame  examination  as  in  the  preceding  analysis,  to  ascertain  its  solid 
contents.  The  usual  re-agents  produced  the  following  appear- 
ances :— ^  '  '  ^ 

1.  Tlie  colours  of  litmus,  violet,  and  turmeric,  were  scarcely 
affected.  If  there  were  any  change,  it  was  that  of  the  litmus  be- 
coming more  blue,  and  that  of  the  violet-green  ;  hut  this  was  so 
slight  as  to  be  rather  doubtful.    The  turmeric  underwent  no  change, 

2.  Muriate  of  barytes  produced  a  turbid  appearance  and  precipi- 
tation ;  but  tins  was  much  less  considerable  than  in  the  Dunblane 
water.     The  transparency  was  not  restored  by  nitric  acid. 

•S.  Nitrate  of  silver  produced  a  very  dense  and  copious  preci- 
pitate. 

4.  Water  of  potash  gave  a  milkiness  not  very  considerable. 

5.  Carbonate  of  potasli  tlirew  down  a  copious  precipitate,  which 
disappeared  with  effervescence  on  adding  nitric  acid. 

6'.   Lime-water  had  no  sensible  effect. 

/.  Ammonia,  when  perfectly  free  from  carbonic  acid,  caused  n'o 
turbid  appearance. 

8.  Oxalate  of  ammonia  produced  an  abundant  precipitation. 

9.  Tincture  of  galls,  added  in  a  very  minute  quantity,  did  not 
immediately  produce  any  effect ;  but  after  a  iew  hours,  a  dark  colour 
appeared,  which  gradually  deepened,  inclining  to  an  olive-green. 

Witli  all  tiic^e  tests,  the  general  results  arc  llie  same  as  those 

from  the  operation  of  tlic  same  tests  on  the  Dunblane  water.     In 

•experiment  'J\\\,  the  ammonia,  if  not  perfectly  free  from  carbonic 
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acid,  produced  a  slight  turbid  appearance ;  and  even  when  in  its 
purest  state,  a  very  slight  opalescent  hue  was  perhaps  apparent;  but 
this  obviously  depended  on  the  presence  of  a  little  carbonic  acid  ; 
for  when  a  drop  or  two  of  nitric  acid  was  previously  added,  and  the 
water  heated,  no  such  appearance  was  produced  ;  or,  if  boiled 
strongly,  without  any  addition  of  acid,  on  restoring  ti)e  original 
quantity  of  liquid,  by  adding  distilled  water,  the  transparency  was 
not  in  the  slightest  degree  altered  on  adding  pure  ammonia.  The 
slight  precipitate,  too,  which  did  occur  in  any  case  was  dissolved  by 
the  most  minute  quantity  of  muriatic  acid  with  effervescence;  and 
this  solution  became  turbid  on  adding  oxalate  of  ammonia,  proving 
the  precipitate  to  have  been  carDcnate  of  lime. 

The  same  general  conclusions,  then,  with  regard  to  the  nature  of 
the  ingredients;  are  to  be  drawn  from  the  preceding  results  as  from 
the  application  of  the  same  tests  to  the  Dunblane  water.  They 
suggest  of  course  a  similar  mode  of  analysis.  I  preferred  the 
second  of  the  methods  above  described,  as  being  the  most  simple 
and  easy  of  execution. 

An  English  pint  of  the  water  was  submitted  to  evaporation.  Be- 
fore the  matter  became  dry,  numerous  cubical  crystals  were  formed, 
indicating  the  presence  of  muriate  of  soda  :  when  dry,  the  solid 
matter  entered  readily  into  fusion  with  effervescence,  denoting  the 
predominance  of  muriate  of  lime.  The  dry  matter  was  highly  de- 
liquescent. After  exposure  to  a  heat  inferior  rather  to  redness,  it 
weighed  while  warm  35  grains. 

This  dry  matter  was  redissolved  in  about  ten  times  its  weight  of 
distilled  water.  A  small  portion  remained  undissolved,  which,  being 
washed  and  dried,  weighed  1*2  grain.  A  little  diluted  muriatic  acid 
dropt  upon  this  excited  slight  ctFervescence;  but  the  greater  part 
remained  undissolved,  and  weighed,  after  washing  and  exsiccation, 
0*9  grain.  It  was  sulphate  of  lime.  A  very  thin  crust  adhered  to 
the  sides  of  the  glass  globe  in  which  the  last  stage  of  the  evaporation 
had  been  performed.  This  was  dissolved  with  effervescence  by  di- 
luted muriatic  acid,  and  the  solution  became  quite  turbid  on  adding 
oxalate  of  ammonia.  The  quantity  of  carbonate  of  lime  thus  indi- 
cated, adding  the  portion  abstracted,  as  above,  from  the  sulphate, 
cannot  be  estimated  at  more  than  0-5  grain.  These  results  were 
confirmed  by  precipitation  from  another  portion  of  the  water  by 
muriate  of  barytes,  the  proportions  indicated  being  nearly  the 
same. 

The  liquor  poured  off  from  the  insoluble  resif'ae  being  diluted 
with  distilled  water,  oxalate  of  ammonia  was  added  to  it  as  long  as 
any  turbid  appearance  was  produced ;  and  after  the  subsidence  of  the 
precipitate  the  liquor  was  boiled  a  little,  to  render  the  decomposition 
and  precipitation  complete.  The  clear  liquor  was  then  eivaporated 
to  dryness,  and  the  dry  mass  was  exposed  to  heat,  to  volatilize  the 
muriate  of  ammonia,  the  product  of  the  action  of  the  oxalate  of 
ammonia  on  the  muriate  of  lime ;  the  heat  being  continued  as  Idng 
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as  any  vapours  exhaled,  and  at  the  end  being  raised  to  redness.  The 
muriate  of  soda  thus  obtained  weighed  13*'l  grains.  By  solution 
and  crystallization  it  was  obtained  in  cubes. 

The  precipitate  of  oxalate  of  lime  having  been  thoroughly  washed, 
was  exposed  in  a  sand-bath  to  a  heat  short  of  redness,  until  it  had 
ceased  to  exhale  any  vapours,  and  appeared  perfectly  dry ;  it 
weighed  23"8  grains.  The  portion  of  muriate  of  lime  equivalent  to 
any  quantity  of  oxalate  of  lime  cannot,  as  has  been  already  re- 
marked, be  exactly  assigned,  from  the  difficulty  of  bringing  the 
oxalate  to  one  uniform  state  of  dryness.  But,  according  to  the  mosV 
accurate  analyses,  23'8  grains  of  dry  oxalate  are  equivalent  to  20 
grains  of  dry  muriate.  To  avoid  any  error,  however,  the  oxalate 
was  converted  into  carbonate  of  lime  by  calcination  ;  and  this,  de- 
composed by  muriatic  acid,  afforded  \^'b  grains  of  dry  muriate  of 
lime. 

The  proportions,  then,  of  the  saline  ingredients  in  an  English 
pint  of  the  Pitcaithly  water  are,  according  to  this  analysis, 

Grains, 

Muriate  of  soda 1 3*4 

Muriate  of  lime 19'5 

Sulphate  of  lime 0'9 

Carbonate  of  lime   * 0*5 

34-3 
To  which  are  to  be  added  of  aerial  ingredients. 

Cubic  Incb. 

Atmospheric  air 0*5 

Carbonic  acid  gas 1 

It  also  gives  slight  indications  of  the  presence  of  iron  ;  but  as  far 
as  can  be  judged  from  the  shade  of  colour  produced  by  tincture  of 
galls,  the  quantity  is  much  smaller  than  in  the  Dunblane  water.  It 
does  not  admit,  therefore,  of  being  determined  with  much  accuracy 
by  actual  experiment. 

After  1  had  completed  the  preceding  analysis,  a  view  occurred  to 
me  with  regard  to  the  composition  of  these  waters,  different  from 
that  which  has  been  stated  above;  and  which,  if  just,  may  lead  to 
conclusions  of  some  interest  with  regard  to  the  constitution  of  mine- 
ral waters  of  the  saline  class.     This  I  have  lastly  to  illustrate. 

{To  be  continued.) 


Article  III. 


Some  Ol'servations  on  the  Analysis  of  Organic  Sulslances. 

By  Dr.  Prout. 

Bkrzemus  has  lately  extended  the  doctrine  of  definite  propor- 
tions to  the  principles  of  organic  nature,  and  has  very  satisfactorily 
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shown  that  it  liolds  equally  good  with  respect  to  them,  with  some 
slight  modifications  only,  as  with  inorganic  compounds.*  His  ad- 
mirable paper  on  this  subject  has  thrown  a  new  light  on  the  consti- 
tution-ot"  natural  obji  cts,  and  at  the  same  time  opened  a  field  of  in- 
vestigation no  less  difficult  than  interesting.  My  object  at  present  is 
chiefiy  to  point  out  the  important  assistance  which  may  be  deiived 
in>  similar  researches  from  the  use  of  the  invaluable  scale  of  chemical 
equivalents  contrived  by  Dr,  Wollaston  ;  a  fact  vvell  known  to  its 
distinguished  author,  and  many  others  ;  but  which,  perhaps,  is  not 
^  generally  so  as  it  ought  to  be.  On  the  supposition  that  this  instru- 
ment be  correct,  or  nearly  so,  which  00  one  can  doubt,  and  that 
organic  substances  be  really  formed  on  the  principles  of  definite 
proportions,  we  are  enabled  by  its  means  to  approximate  in  most 
instances,  with  almost  absolute  certainty,  to  the  number  of  atoms 
of  each  element  entering  into  the  composition  of  a  ternary  or  qua- 
ternary compound.  The  data  requisite  for  this  purpose  are,  1.  Tlie 
knowledge  of  the  proportions  of  at  least  two  of  the  elements  entcr^ 
ing  into  an  organic  compound  ;  and,  2.  The  knowledge  of  the 
weight  of  its  atom,  or  some  multiple  of  it.  Of  these  two,  the  first 
is  by  far  the  most  important ;  the  second  is  not  absolutely  necessary. 
To  render  this  scale  adapted  for  our  purpose,  it  is  only  necessary 
to  extend  it  a  little,  which  may  be  conveniently  done  by  pasting  two 
slips  of  drawing  paper  on  its  edges,  which  must  be  of  such  a  breadth 
as  just  to  lap  over  and  cover  the  margins  containing  the  names  of 
the  chemical  substances,  and  to  coincide  with  the  graduated  edges 
of  the  slide.  On  these  slips  of  paper  are  then  to  be  marked  the 
multiples  of  an  atom  of  oxygen,  hydrogen,  and  carbon,  from  one 
to  ten ;  and  of  azote,  from  one  to  four  or  five,  or  more.  Thus 
prepared,  it  will  be  fit  for  our  use;  and  to  those  who  are  unac- 
quainted witli  the  principles  of  the  instrument,  the  following  ex- 
amples will  show  the  mode  of  applying  it :  to  others  these  examples 
will  be  probably  unnecessary. 

,  Example  1. — Suppose  we  had  found  the  weight  of  a  particle  of  a 
ternary  compound  to  be  46'5,  oxygen  being  10,  and  that  46*5  parts 
of  it  contained  15' 15  carbon,  1"34  hydrogen,  and  consequently 
:^0*0l  oxygen.  To  find  the  number  of  atoms  of  each  of  these 
elements,  we  have  only  to  place  10  on  the  slide  opposite  oxygen, 
and  then  opposite  each  of  the  numbers  respectively  we  have  the 
number  of  atoms  of  each  element  required.  Thus  opposite  15- 1 5 
carbon,  we  have  2  carbon;  opposite  1*.34  hydrogen,  I  hydrogen; 
and  opposite  30-01  oxygon,  3  oxygen.  Such,  a  compound,  then, 
will  consist  of  three  atoms  oxygen,  two  atoms  carbon,  and  one  atom 
hydrogen. 

Again  :  supposing  we  were  ignorant  of  the  weiglit  of  an  atom  of 
this  ternary  compound,  hut  had  found  that  100  parts  of  it  coutuined 
32'4  carbon,  2  8  hydrogen,  and  consequently  G4-8  oxygen  ;  to  find 
the  number  of  atoms  of  each  element  in  this  case  we  have  only  to 

»   Sco  Jnnala..af  Philosopkif,  vol.  iv.  p.  3S3,  ct  sequent..  • 
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move  the  slide  till  the  numbers  representing  the  quantities  of  each 
element  coincide  with  some  multiple  of  these  elements  marked  on 
the  scale;  and  these  multiples,  or  some  submultiple  of  them,  will 
represent  the  number  of  atoms  required^.  Thus  we  find  when  32-'4 
carbon  stands  opposite  two  or  four  atoms  of  carbon,  2'S  hydrogen 
w;ill  coincide  with  one  or  two  atoms  of  hydrogen,  and  64*8  oxygen 
with  three  or  six  atoms  of  oxygen.  Of  course  we  adopt  the  lesser 
numbers,  which  are  the  same  as  those  obtained  before. 

Example  2. — Suppose  we  had  found  the  weight  of  an  atom  of  a 
quaternary  principle  to  be  VJSQ,  and  that  97-S2  parts  of  it  con-, 
tained  37*65  carbon,  17'52  azote,  and  consequently  42'65  oxygen 
and  liydrogen  :  to  find  the  number  of  atoms  of  each,  we  place,  as 
before,  10  on  the  slide  opposite  oxygen:  then  opposite  37 '65  will 
be  found  5  carbon;  opposite  17 "52,  1  azote;  opposite  40,  4 
oxygen  ;  and  opposite  2-(i5,  2  hydrogen  ;  *  the  number  of  atoms 
required. 

Or  supposing  that  we  had  not  been  able  to  ascertain  the  weight  of 
a  particle  of  the  compound  in  question,  but  had  found  that  100 
parts  of  it  contained  38"5  carbon,  17'9  azote,  and  consequently 
43"6  oxygen  and  hydrogen :  to  find  the  number  of  atoms  of  each, 
we  proceed  just  as  before,  and  still  find  that  3S'5  carljon  will  stand 
opposite  five  or  ten  atoms  of  carbon,  when  17'9  azote  coincide  with 
one  or  two  atoms  of  azote ;  f  and  that  40'9  oxygen  will  be  opposite 
four  or  eight  oxygen  ;  and  27  hydrogen,  opposite  two  or  four  hy- 
drogen ;  which  agree  with  the  former  results. 

These  examples  are  doubtless  more  than  sufficient  to  show  how 
this  admirable  instrument  may  be  made  to  facilitate  and  verify 
analyses,  on  the  practical  part  of  which  some  observations  now  re- 
main to  be  made. 

1.  The  depriving  organic  substances  of  w^ater  without  decom- 
posing them  has  always  constituted  a  great  source  of  difiiculty  in 
the  prosecution  of  this  department  of  chemistry.  The  method 
adopted  by  Berzelius,  and  which  is  founded  on  the  happy  applica- 
tion of  a  well-known  principle  by  Mr.  Leslie,  is  certainly  one  of  the 
best  that  has  beenprojwsed.  This  consists  in  exposing  the  substance 


*  These  two  numbers  make  up  49-63,  the  quantity  of  oxysen  and  hydrogen 
present.  As  no  iolid  fiibstaiice,  probably,  will  be  found  to  contain  more  "than  six 
vreven  four  atoms  of  hydrogen,  it  will  perhaps  be  sufficient  in  practice  to  divide 
as  often  as  possible  tiic  tiuaytily  of  oxygen  and  hydrogen  by  the  weight  of  a  par- 
ticle of  ox>gcn,  and  to  consider  the  quotient  as  representing  the  number  of  par- 
ticles of  oxygen,  and  the  remainder  as  hydrogen.  Thus  in  the  present  instance 
42-65 

■— — r—  =:  4,  with  a  remainder  of  265  for  hydrogen,  and  10  x  4  —  40,  the  quan- 
tity of  ojtygen.  To  pievent  ambiguity,  however,  it  will  be  better  to  have  re- 
course to  eipciiintnt,  which  without  any  great  nicety  will  enable  one  to  decide 
between  on"  ami  eight  atoms  of  hydrogen,  as  in  the  above  instance  between  S-65 
hydrogen  and  l'<J-65  hydrogen. 

t  It  is  extremely  probable  that  azote  never  enters  into  a  compound  more  tlinn 
in  one,  or  certainly  not  more  tiran  in  two,  proportions.  The  knowledge  of  this 
w  ill  facilitate  the  process,  as  the  quantity  of  azote  found  may  be  at  once  placed 
opposite  one  aaoie. 
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to  be  dried  to  a  temperature  of  212  in  a  vacuum  with  sulphuric  acid. 
For  effecting  this  more  easily,  I  had  the  fcl lowing  apparatus  made, 
which  answers  the  purpose  very  effectually,  and  at  the  same  time 
will  be  found  simple  and  cpnvenient.-  A  (Plate  XXXIX.  fig.  1,) 
is  the  fiat  circular  plate  of  an  air-pump,  on  which  is  placed  C, 
a  saucer  containing  sulphuric  acid.  B  a  low  receiver  communicating 
with  the  inner  vessel  G  by  means  of  the  pipe  F.  H  is  a  brass  cap, 
capable  of  being  made  air-tight  by  means  of  a  screw  and  leather 
collar,  having  a  square  nut  L  adapted  to  a  key  by  which  it  may  be 
unscrewed,  &c.  when  necessary.  The  outer  vessel  K  contains  water, 
which  is  kept  at  the  boiling  temperature  by  means  of  the  lamp  E, 
which  slides  upon  the  tube  F,  and  can  thus  be  raised  or  depressed 
at  pleasure.  The  substances  to  be  dried  are  put  into  little  glass 
vessels  I  of  the  shape  of  buckets,  and  are  placed  in  the  vessel  G, 
and  removed  from  it  through  the  aperture  H  by  means  of  a  hooked 
wire.  D  is  a  stop-cock,  which,  when  the  cap  H  is  removed,  may 
be  turned,  and  thus  the  air  prevented  from  entering  the  receiver  B, 
and  the  trouble  consequently  saved  of  being  perpetually  obliged  to 
exhaust  the  whole  apparatus. 

In  using  this  apparatus  it  is  proper  to  introduce  as  little  superfluous 
water  as  possible ;  or  if  this  cannot  be  avoided,  care  must  be  taken 
not  to  exhaust  all  at  once,  but  by  slow  degrees,  otherwise  ebullition 
will  take  place,  and  the  substances  be  forced  out  of  the  glass  buckets. 

2.  For  finding  the  weight  of  cotnbination,  or  of  an  atom  of  an 
organic  compound,  no  general  rule  can  be  given,  as  the  process 
must  vary  with  the  nature  of  the  substance.  A  careful  study  of  the 
ingenious  modes  pursued  by  Berzelius  will  scarcely  fail  to  suggest 
others.  It  may  sometimes  be  more  conveniently  done  after  an  in- 
sight has  been  obtained  of  the  constitution  of  the  substance  under 
examination.  But  upon  the  whole,  it  will  perhaps  be  found  one  of 
the  most  difficult  steps  to  effect,  and  sometimes  even  impossible. 

3.  It  is  a  difficult  task,  and  requires  grea^  care  and  nicety,  to 
arrive  at  an  accurate  knowledge  of  the  quantities  of  the  elements 
entering  into  an  organic  compound.  The  best  mode  at  present 
known  "is  undoubtedly  combustion  with  oxymuriate  of  potash  in  an 
apparatus  somewhat  similar  to  Berzelius's.  *  I  have  tried  this,  and 
found  it  succeed  completely.  The  only  objection  to  it  is  its  being 
rather  too  complicated ;  and  in  general,  perhaps,  it  will  be  found 
better  to  rest  satisfied  with  the  knowledge  of  the  quantity  of  one 
element,  and  to  make  separate  experiments  for  each  of  those  whose 
quantity  we  may  wish  to  ascertain.  In  a  ternary  compound,  carbon 
and  hydrogen  are  the  elements  whose  quantities  are  most  easily 
found.  Perhaps,  however,  the  real  quantity  of  hydrogen  will  be 
always  somewhat  larger  than  indicated,  because  the  gases  extricated 
during  combustion  must  necessarily  be  in  the  driest  possible  state, 

•  1  liav«  tried  also  f  lie  ingenious  mode  adopted  by  Mr.  Vorrett  in  his  analysis  of 
prus5ic  acid  ;  namely,  of  adding  multiples  of  oxvgeu.     This,  howevrr,  though  it 
»«cceeded  in  that  instance,  does  not  scein  callable  of  universal  applicatioo. 
4 
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and  in  this  state  they  will  dissolve,  and  retain  water  with  great  ob- 
stinacy. The  mode,  therefore,  adopted  by  Berzelius  was  probably 
inadequate  to  separate  the  whole  of  the  water  formed;  and  this  may 
account  for  the  small  quantity  obtained  by  .him  on  burning  oxalic 
acid.  The  remark,  however,  if  founded  in  truth,  applies  equally 
to  all  the  substances  analysed  by  hirn.  In  a  quaternary  compound, 
carbon  and  azote  are  perhaps  the  elements  whose  quantities  we  can 
most  easily  arrive  at  a  just  knowledge  of. 


Article  IV. 


Descriptio?i  of  an  Instrument  to  measure  and  register  the  Rise  and 
Fall  of  the  Tide  throvghout  the  lukole  Flow  and  Ebb.     By  Col. 
,  Beaufoy. 

The  parts  of  this  instrument  which  are  devoted  to  measuring  the 
height  of  the  water  consists  of  a  copper  tube  placed  in  the  water  of 
the  sea  or  river  in  a  vertical  position,  and  provided  with  a  float  nearly 
filling  its  bore,  at  the  same  time  that  it  is  freely  at  liberty  to  rise  and 
fall  upon  the  surface  of  the  water,  which  is  admitted  into  the  lower 
end  of  the  tube  by  a  small  opening,  or  by  a  pipe,  and  will  therefore 
preserve  the  same  level  as  the  external  water  of  the  sea  or  river,  and 
prevent  the  float  being  affected  by  the  undulations  of  the  water. 

A  small  line  is  attached  to  the  float,  and  carried  up  to  a  wheel  or 
roller,  round  which  it  makes  several  turns;  and  the  line  of  a  balance 
weight,  being  wrapped  upon  the  axis  of  the  wheel  on  the  opposite 
side  of  the  centre,  will  cause  the  wheel  to  turn  one  way  or  other  as 
the  float  rises  or  falls  upon  the  surface  of  the  w'att-r  in  the  tube. 
This  motion  is  communicated  by  wheel-work  to  a  second  wheel  or 
cylinder,  upoi^j  the  surface  of  which  a  sheet  of  paper  is  fastened. 

The  registering  part  of  the  instiument  is  an  eight-day  pendulum 
clock,  which  at  every  ten  minutes  lets  fall  a  small  hammer  to  make 
a  mark  on  the  sheet  of  paper  wrapped  upon  the  cylinder  ;  in  conse- 
quence, this  sheet  will  be  covered  with  a  succession  of  marks,  and 
the  intervals  between  them  will  show  on  a  reduced  scale  the  quantity 
of  rise  or  fall  of  the  water  during  the  interval,  ten  minutes,  which  has 
elapsed  between  the  different  marks  made  by  the  clock. 

The  general  action  of  the  machine  being  understood,  the  detail  of  its 
construction  will  be  explained  by  the  drawing,  in  whicii  PI.  XXXIX. 
fig.  2,  represents  the  whole  machin,e  mounted  upon  a  tripod  A  A  sup- 
ported upon  three  feet  screws  a  a,  by  means  of  which  it  can  be  so 
adjusted  that  the  clock  will  beat  correctly,  or  in  other  words,  that  the 
escape  of  the  teeth  of  the  swing-wheel  will  take  |)la(e  at  equal  dis- 
tances from  the  perpendicular  on  the  opposite  sides  ;  the  tripod  sup- 
ports a  mahogany  table  B,  which  is  represented  on  a  larger  scale  in 
figures  ti  and  '1,  the  first  being  a  side  view,  and  the  other  a  front  view. 
Upon  this  table  arc  erected  standards  C  D  E  for  the  support  of  the 
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^vliecls  or  cylinders:  the  most  elevated  of  these,  marked  F,  is  that 
upon  ivhicli  the  line  b  is  wound  to  suspend  the  float  G  in  the  tube 
H  :  upon  the  extreme  end  of  the  axis  of  the  wheel  F  is  a  small 
cylinder  R  to  receive  the  cord  d  of  the  balance  weight  I,  w  hich  is 
such  as  so  far  to  balance  tlie  weight  of  the  float  as  to  keep  the  line 
h  always  extended  :  on  the  opposite  end  of  the  axis  of  the  upper 
wheel  is  fixed  a  long  pinion  k  of  oO  teeth  ;  this  gives  motion  to  the 
cvlinder  K,  upon  which  the  sheet  of  paper  is  wrapped,  by  means  of 
a  wheel  of  360  teeth.     As  the  wheel  and  pinion  are  in  the  propor- 
tion of  twelve  to  one,  it  follows  that  any  motion  which  is  given  by 
the  float  line  0  will  be  communicated   to  the  cylinder  K  upon  the 
scale  of  an  inch  to  a  foot ;  that  is,  a  rise  or  fall  of  one  foot  in  the 
float  will  produce  a  motion  of  an  inch  in  the  paper  with  which  this 
cylinder  is  covered,  or  one  inch  of  the  paper  will  pass  by  the 
pencil,  which  is  to  mark  by  the  hammer  of  the  clock  L. 

This  clock  is  mounted  upon  four  pillars  e  from  the  table  ;J^h  the 
weight  of  the  clock,  and  g  a  small  counter-balance,  which,  being 
pulled  down,  will  draw  up  the  great  weight  to  wind  it  up,  and  will 
then  serve  for  eight  da3's  ;  the  hour-hand,  which  is  seen  in  the 
front,  is  carried  immediately  by  the  arbor  of  the  Ijarrel  of  the  clock, 
and  shows  21  hours;  the  circle  above  tliis,  divided  into  10,  shows 
the  minutes,  as  it  makes  its  revolution  in  10  minutes ;  and  the 
upper  circle  is  for  the  seconds. 

Tlie  disposition  of  the  train  of  wheel-work,  for  the  clock 
not  being  at  all  essential,  is  not  therefore  shown  in  the  drawing ; 
but  any  clock-maker  to  whom  the  construction  is  committed  will 
be  able  to  make  a  proper  clock  from  the  number  of  the  wheels, 
which  are  as  follows. 

The  great  wheel  on  the  barrel,  which  carries  the  hour-hand,  9G 
teeth,  revolves  in  24  hours. 

The  centre  wheel,  pinion,  eight  leaves,  and  the  centre  wheel  84  j 
these  will  revolve  in  two  hours. 

The  third  wheel,  pinion,  seven  leaves,  and  the  third  wheel  70 
teeth ;  they  complete  their  revolution  in  ten  minutes ;  and  the  arbor 
carries  the  minute-hand. 

Lastly,  the  pinion  of  the  swing-wheel  having  seven  leaves,  it 
will  revolve  in  one  minute,  carrying  the  second-hand  and  swing- 
wheel,  which  having  30  teeth,  and  acting  with  two  anchor  pallets^ 
they  will  suffer  the  wheel  to  advance  4-  a  tooth  at  every  vibration  of 
the  pendulum  N,  which  is  performed  in  a  second. 

The  train  must  he  made  rather  stronger  than  usual  to  enable  it  to 
carry  a  greater  weight  f,  in  order  that  the  regularity  of  the  motion 
may  not  be  deranged  by  the  resistance  of  lifting  the  hammer  O 
which  makes  the  marks  upon  the  cylinder  K.  This  hammer  is  fixed 
upon  an  arbor  extended  between  the  clock  plates,  and  has  two  arms 
or  levers  proceeding  from  it,  one  to  reach  the  third  wheel,  and  the 
other  to  the  centre  wheel.  The  former  wheel,  which  revolves  once 
in  ten  minutes,  has  one  pin  fixed  in  its  circumference,  and  the  latter 
has  \-2  pins.     Now  as  it  turns  io  two  hours,  it  is  plain  that  one  pia 
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of  each  of  these  wheels  will  pass  by  their  respective  arms  or  levers 
of  the  hammer  in  the  same  period,  viz.  10  minutes  :  they  therefore 
.produce  a  common  eifect  of  lifting  ihe  hammer  and  letting  it  fall  at 
every  10  minutes.  The  reason  for  employing  two  motions  for  this 
purpose  is,  that,  if  it  was  entrusted  to  the  third  wheel  to  raise  it 
with  one  pin,  it  might  retard  the  motion  of  the  clock,  because  that 
wheel  has  so  slight  a  power;  and.  on  the  other  hand,  the  12  pins  ia 
the  centre  wheel  would  not  be  equally  certain  to  drop  the  hammer 
exactly  at  the  10  minutes,  because  as  it  moves  slowly  any  small  in- 
equality in  the  arrangement  of  the  pins  would  make  a  considerable 
difference  in  the  time  when  the  hammer  was  let  fall.  The  pins  of 
the  centre  wheel  are  therefore  made  to  act  first,  and  the  wheel  has 
sufficient  power  to  lift  the  hammer  vvithout  injury  to  the  motion  of 
the  clock  ;  but  just  before  this  pin  would  let  the  hammer  fall,  the 
pin  in  the  third  wheel  takes  its  lever  and  raises  it  up  a  very  little 
higher,  or  rather  holds  it  up  at  the  same  elevation,  till  the  pin  of 
the  centre  wheel  has  passed,  and  then  at  the  e.\piration  of  the  10 
minutes  it  lets  the  hammer  fall. 

The  mark  is  made  on  the  paper  of  the  cylinder  by  a  small  piece 
of  black  lead  pencil,  which  is  fastened  in  a  tube  at  the  end  of  the 
liammer  by  a  clamp  screw :  p  is  a  small  sliding  weight  upon  the 
arm  of  the  hammer,  which  can  be  fixed  at  any  distance  from  the 
centre  by  a  clamp  screw,  and  will  thus  make  the  pencil  strike  withi 
more  or  less  force,  as  is  found  by  experience  to  be  necessary  to  make 
a  clear  and  defined  mark  :  one  of  the  levers  or  arms  of  the  arbor  of 
the  hammer  must  be  made  to  fall  upon  a  spring  to  stop  the  descent 
of  the  hammer.  This  will  yield  sufficiently  to  allow  the  pencil  to 
mark  when  falling  with  the  blow,  but  will  afterwards  keep  up  the 
point  so  that  it  will  not  streak  the  paper.  In  this  manner  the  pencil 
will  make  a  row  of  dots  round  the  cylinder  as  the  tide  rises,  and  the 
same  as  it  falls  :  but  to  prevent  the  two  rows  falling  upon  the  same 
line,  by  which  they  would  confuse  each  other,  a  traversing  motioa 
is  given  to  the  cylinder  at  the  same  time  that  it  turns  round :  this  is 
effected  by  a  worm  P  fixed  upon  the  axis  of  the  wheel,  and  a  cock 
*•  projecting  from  the  standard  D  to  carry  a  fixed  pin  which  acts 
against  the  worm.  By  this  means  the  row  of  dots,  when  the  tide 
rises,  is  marked  diagonally ;  but  when  the  tide  falls,  tlie  cock  r 
quits  the  spiral,  and  the  row  of  dots  are  marked  circularlj-.  The 
axis  of  the  wheel  is  made  with  long  pivots,  which  slide  endways,  to 
allow  the  side  motion  ;  but  the  friction  is  sufficient  to  keep  one  side 
of  the  spiral  worm  in  contact  with  the  pin  which  acts  against  it 
whilst  the  wheel  turns  in  one  direction,  and  quits  it  when  it  turns 
in  the  contrary  direction. 

As  the  paper  must  be  changed  about  every  13  hours,  the  bearing 
at  the  top  of  the  standard  C  is  made  to  open  on  a  joint,  that  the 
wheel  may  be  taken  out;  the  sheet  of  paper  is  only  confined  by  a 
hoop  or  wire  slipped  over  it ;  it  is  therefore  eabily  changed  ;  and  the 
only  care  is  to  make  the  end  of  the  slip  of  paper  to  correspond  with 
a  line  drawn  upon  the  cylinder  to  represent  the  point  from  wbich 
the  measurement  is  taken,  or  point  of  commencement.     The  tube 
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H  containing  the  float,  although  represented  in  the  figure,  must  of 
course  be  placed  beneath  the  floor  upon  which  the  tripod  is  placed  : 
it  siiould  be  as  long  as  the  greatest  rise  and  fall  which  is  expected. 
The  present  machine  is  adapted  for  27  feet  of  rise  ;  the  circum- 
ference of  the  cylinder  K  being  rather  more  than  27  inches,  and  its 
diameter  8^  :  the  wheel  F  is  the  same  diameter,  and  the  line  b 
must  make  12  turns  upon  it  for  the  whole  27  feet.  For  situations 
where  a  greater  fall  is  desired,  the  diameters  of  the  wheels  must  be 
proportionably  increased. 

The  only  adjustment  this  instrument  requires  is,  that  the  clock 
be  put  in  beat  by  levelling  the  feet,  and  regulated  to  keep  good 
time,  the  line  0  must  be  lengthened  or  shortened  until  the  float 
hangs  level  with  the  assumed  fixed  point  from  which  the  heights  are 
to  be  measured. 

If  the  clock  wants  altering,  it  must  be  stopped  when  the  minute- 
hand  points  at  10',  and  the  second-hand  at  60";  and  then  the  hour- 
hand  must  be  set  at  the  requisite  division;  for  if  the  alteration  be 
made  at  any  other  period,  the  pencil  will  not  mark  when  the  mi- 
nute-hand arrives  at  10'. 

The  instrument  is  made  to  take  to  pieces  for  convenience  of  car- 
riage. The  table  B  can  be  removed  from  the  top  of  the  tripod  by 
two  milled  head  screws  ;  the  pendulum  detached  from  the  clock, 
and  fixed  close  to  one  of  the  legs  of  the  tripod ;  and  the  weights 
and  float  to  the  base ;  in  which  state  the  whole  can  be  put  into  a 
moderate  sized  packing  case.  I  am  very  much  indebted  to  Mr. 
Gary,  mathematical  instrument-maker,  in  the  Strand,  for  the 
trouble  and  pains  he  took  in  executing  this  instrument. 

It  is  generally  admitted  that  theory  alone  affords  no  practical  con- 
clusions concerning  the  flowing  and  ebbing  of  the  tides  :  recourse 
must  therefore  be  had  to  numerous  and  accurate  observations  for 
practical  rules  to  find  the  times  of  high  and  low  water.  This  ma- 
chine will  register  every  ten  minutes,  whh  little  trouble  to  the  ob- 
server, the  variation  which  takes  place  from  high  water  to  low  water, 
and  vice  versa.  As  this  instrument  marks  the  ascent  and  descent  of 
the  water  every  ten  minutes,  sufficient  datum  will  be  given  for  find- 
ing the  nature  of  the  curve  described  by  the  tide :  and  if  a  register 
of  the  strength  of  the  wind,  and  the  point  of  the  compass  it  blevy 
from,  was  also  kept,  it  might  determine  whether  the  wind  most 
affected  the  velocity  or  the  altitude  of  the  tide.  If  instruments  of 
this  description  were  used  in  different  parts  of  the  world,  and  tables 
of  the  flux  and  reflux  of  the  tide  preserved  for  a  period  of  IS^  years, 
the  length  of  time  in  which  most  of  the  lunar  irregularities  of  mo- 
tion take  place,  little  doubt  can  be  entertained  but  that  as  accurate 
tide  tables  might  be  made  for  the  rest  of  the  world  as  have  been  cal- 
culated for  Liverpool  by  Mr.  Noldens,  and  for  the  Thames  by  Capt. 
Huddart. 

Expense,  generally  speaking,  is  an  objection  against  purchasing 
an  instrument.  The  one  here  described,  being  simple,  is  propor- 
tionably cheap :  and  the  cost  might  still  be  reduced  by  making  the 
clock  and  the  other  wheels  of  wood.    As  few  persons  are  furnished 
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with  instruments  for  measuring  the  force  and  velocity  of  the  wind, 
the  following  remarks,  the  result  of  many  observations,  may  serve 
as  a  guide  to  judge  of  the  rate  at  which  the  wind  is  blowing. 

When  tlie  wind  blows  at  the  rate  of  12  geographical  miles  per 
hour,  or  20-29  feet  in  a  second,  the  power  of  the  wind  on  a  plane 
one  foot  square  at  right  angles  to  the  current  is  equal  to  13'567  oz. 
avoirdupois  ;  and  the  generality  of  vessels  upon  a  wind  blowing  at 
this  rate  can  barely  carry  top-gallant  sails. 

When  the  wind  blows  24  geographical  miles  per  hour,  the  force  is 
3-54 1  lbs.  avoirdupois,  and  vessels  are  under  close  reefed  topsails. 

When  the  wind  increases  to  31 'IS  geographical  miles  in  an  hour, 
vessels  are  under  their  courses,  and  the  power  of  the  wind  is  equal 
to  6  lbs.  ^ 

When  the  force  of  the  wind  is  8  lbs.  on  a  square  foot,  its  velocity 
is  35*93 1  geographical  miles  in  an  hour,  and  may  be  denominated 
half  a  storm. 

When  the  strength  of  the  wind  is  12  lbs.  on  a  square  foot,  its 
velocity  is  43-918  geographical  miles  in  an  hour,  and  may  be  called 
a  full  storm. 

Whilst  on  this  subject,  1  have  subjoined  some  experiments  on  the 
resistance  of  air  and  water,  which  prove  how  very  erroneous  the 
theory  of  resistance  is,  and  the  small  advantage  it  has  been  to  prac- 
tical men. 

Experimented  Resistance  of  Air  to  different  shaped  Bodies. 


Feet. 

Plane. 

Cylinder. 

Cone. 

Vertex. 

Wedge. 

Vertex. 

1 

0-03'2 

0-028 

0029 

0  020 

0-022 

0-032 

0-023 

2 

0  129 

0-116 

0-120 

0  086 

0-090 

0129 

0-089 

3 

0-29-i 

0-268 

0-274 

0-198 

0-203 

0-291 

0197 

4 

0-525 

0-485 

0-492 

0-358 

0-364 

0-518 

0-346 

5 

0-825 

0-768 

0-775 

0-567 

0-571 

0-810 

0-537 

6 

1-191 

1118 

1-122 

0-S26 

0-825 

1-168 

0-769 

"  7 

1-627 

1-537 

1  535 

1-135 

1127 

1-490 

1-041 

8 

2-131 

2-024 

2-013 

1  -494 

1-476 

2-070 

1-354 

9 

2-704 

2-580 

2-564 

1-905 

1-873 

2-634 

1-707 

10 

3-345 

3-206 

3- 167 

2-268 

2-317 

3-2ii3 

2-100 

11 

4-055 

3-902 

3-843 

3-017 

2  809 

3-939 

2-533 

12 

.'•834 

4-668 

4-586 

3-610 

3-348 

4-690 

3-01)5 

13 

5-683 

5-505 

5-395 

4-066 

3-936 

5-500 

3-518 

11 

6-601 

6-413 

6-27 1 

4-737 

4-572 

6-389 

4-069 

15 

7-588 

7-393 

7-231 

5-462 

5-255 

7-3,{7 

4-661 

IG 

8-644 

8-445 

8-295 

6239 

5  988 

8-351 

5  292 

17 

9-771 

9-570 

9  302 

7-068 

6-767 

9-430 

5-061 

18 

10-966 

10-767 

10-447 

7-952 

7-595 

10-576 

6-670 

1!) 

12-2 -(2 

12-038 

J  1-660 

8-890 

8-472 

11-787 

7-419 

20 

13-507 

13-378 

12-940 

9-882 

9-397 

13-064 

8-207 

P 

2-0201 

2-0611 

2-0309 

2-0619 

2-0057 

1-9  676 

1 

2 

3 

4 

5        1 

6 

7 

8 

The  area  of  the  plane  and  base  of  each  of  the  bodies  is  exactly 
one  superficial  foot  ;  and  the  altitude  of  the  cylinder,  cone,  and 
wedge,  equal  to  half  the  diameter  of  their  respective  bases  ;  conse- 
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quently  when  the  cone  and  wedge  moved  with  the  apes  foremost 
the  air  impinged  at  an  angle  of  ^3°. 

Cokimn  I  contains  the  velocity  with  which  the  air  struck  the 
different  bodies. 

Column  2,  the  resistance  to  the  plane  in  ounces  avoirdupois. 

Column  3,  the  resistance  to  the  biise  of  the  cylinder. 

Column  4,  the  resistance  to  the  base  of  the  cone. 

Column  5,  the  resistance  to  the  vertex. 

Column  6,  the  resistance  to  the  plane  reduced  In  the  proportion 
of  radius  to  the  sign  of  the  angle  of  in^-idence  4-5°. 

Column  7}  the  resistance  to  the  base  of  the  wedge. 

Column  8,  the  resistance  to  the  vertex:  and  in  the  last  liorizontal 
line  but  one  is  set  doxvn  the  exponents  of  the  resistance. 

By  looking  at  the  expeririients,  it  is  evident  that  the  bases  of  the 
cylinder,  cone,  and  wedge,  are  less  resisted  than  the  plane  ;  and 
that  tlie  cone  and  wedge,  when  moving  with  their  bases  foremost, 
are  less  resisted  than  the  cylinder;  therefore  a  mere  increase  of 
length  decreases  the  resistance  to  the  plane,  but  not  so  much  as  by 
altering  the  shape  of  the  hinder  extremity.  With  respect  to  the 
resistance  to  tlve  apex  of  the  cone  and  wedge,  it  is  evident  that  the 
resistance  to  the  former  figure  is  not  widely  different  from  the  re- 
sistance set  down  in  column  (>  :  and  could  experiments  be  made 
free  from  errors,  the  resistance  would  decrease  precisely  as  the  log. 
sine  of  half  the  cone's  angle  ;  but  with  the  wedge  it  is  otherwise, 
the  resistance  decreasing  in  a  greater  proportion. 


'^S 


one 


'Experimented  Resistances  of  JVater  to  a  Plane  containing  — 
superficial  Foot  immersed  to  the  Mean  Depth  of' 6  Feet  below  the 
Surface  of  the  IVater. 


Feet 

Feet. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Exponents. 

1st 

2d. 

3d. 

4th. 

5th. 

6th. 

7th. 

8th. 

1 

0-0156 

0-9750 

1-2949 

11329 

0  1620 

0-1579 

'i 

0-0621 

3-3860 

4-9863 

4-3585 

0-6278 

0-9725 

1-9289 

3 

0-1399 

87450 

10-931 

9-5640 

1-3670 

0-8190 

1-8956 

4 

0-24S7 

15-543 

1904S 

16-687 

2-361 

1-144 

J  -8699 

5 

0-3886 

24-287 

29-279 

25-688 

3-591 

1-401 

1-8465 

6 

0-5596 

34  975 

41-585 

36  510 

5-045 

1-565 

1-8266 

7 

0-7616 

47-603 

55-927 

49  220 

6-707 

1-617 

1-8065 

8 

0  09J8 

62-175 

72-270 

63-707 

8-5G3 

1532 

1-7854 

9 

1-2590 

78-690 

90-590 

79-983 

10-607 

1-293 

1-7682 

10 

1-5544 

97-150 

11086 

'38-040 

12-82 

0-890 

1-7448 

11 

1  8806 

117'82 

133  05 

117-S6 

1519 

0-040 

1  -7282 

12 

2-2383 

139-90 

157-20 

139-49 

17-71 

0-590 

1-7081 

13 

2-6270 

16M8 

183-40 

164-73 

18  67 

0-450 

1  -6857 

14 

30476 

.   190-42 

211-51 

190-39 

21-12 

0-030 

1-6630 

15 

3-4974 

218-59 

241-51 

217-89 

23-65 

0-700 

1-6380 

16 

37973 

218-71 

273-48 

247-23 

26-25 

1-486 

1-6198 

17 

4-4923 

280-77 

307-33 

278-40 

28-93 

2-270 

1-5977 

18 

so.'ies 

311 -77 

343-05 

311-39 

31-66 

3-380 

1-.5754 

19 

5-61 14 

350-71 

38J-ie 

345-73 

34-43 

4-980 

1-5531 

20 

6-2177 

38.S-61 

420  16 

382-92 

37-24 

5690 

1-5312 

1-9243 

1  9474 
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Gofumn  1  contains  the  velocity  of  the  plane  in  feet  per  second. 

Column  2  contains  columns  of  water,  the  base  of  each  of  which 
was  one  square  foot,  and  the  respective  altitude  equal  to  the  space 
througli  which  a  body  must  fall  to  acquire  the  velocity  of  one,  two, 
three,  four,  live,  six,  &c.  feet  per  second. 

Column  3  contains  the  weights  of  the  different  columns  of  water 
in  pounds  avoirdupois. 

Column  4,  the  resistance  to  the  plane  by  experiment. 

Column  5,  tne  plus  pressure  found  by  subtracting  the  minus 
pressure  contained  in  column  Gth  from  the  total  resistance  set  down 
in  column  4  th. 

Coluuin  6",  the  minus  pressure  found  by  experiment. 

Column  7»  the  difference  between  the  calculated  resistances  con- 
tained in  column  3d  and  the  plus  pressure  in  column  5th. 

Column  S,  the  exponents  of  the  minus  pressure  ;  and  in  the  last 
horizontal  column  the  exponents  of  the  total  resistances  and  {<lus 
pressure. 

Wind,  it  appears  by  table  1st,  when  moving  with  a  velocity  of 
20  feet  in  a  second,  exerts  a  force  on  a  square  foot  placed  at  right 
angles  to  its  direction  equal  to  \■Vb(^^  ounces;  and  water,  by  table 
2d,  when  running  one  foot  per  second,  acts  on  the  same  surface, 
similarly  placed,  a  power  equal  to  1-2949  lbs.  or  207 IS  "z.  To 
find  the  velocity  water  must  have  to  produce  equal  elfect  with  wind, 
Y  m  :  V  m  ::  11  :  r.  V  being  equal  to  one  foot  or  !2  inches,  r  to 
13-5G7  oz.,  U  to  20  71!^  oz.,  and  the  exponent  m  to  1*9243,  whence 

ris9'G301  inches,  the  required  velocity.     Then  ~  is  equal  to 

24*922,  the  celerity  of  the  wind  to  produce  the  same  effect  as  water; 

20*718 

and  gives  G49'4S :    consequently  if  wind  and  water  move 

with  equal  velocity,  wind  has  nearly  650  part  less  power  than  water. 
As  air  is  SGO  times  lighter  than  water,  and  supposing  the  velocity  of 
water  to  be  1,  and  the  resistance  as  the  square  of  the  velocity  V  = 
a/  860  =  29*326,  which  by  no  means  accords  with  the  result  de- 
duced from  experiment,  and  the  effect  of  air  in  lieu  of  -g-i-jp  part  is 
~^.  Experiment  also  proves  tiiat  the  most  advantageous  angle  for 
the  sail  of  a  windmill  to  be  set  in  motion  in  is  60°,  instead  of  35° 
16',  reckoning  from  the  plane  of  its  motion,  or  the  wind  should 
strike  the  sail  at  an  angle  of  30°,  and  not  54°  44'' ;  and  the  most 
advantageous  angle  for  the  rudder  to  make  with  the  keel,  when  the 
impulse  of  the  water  is  given,  I  believe  to  be  30°.  After  the  im- 
pulse is  given,  and  the  vessel  turns,  the  angle  should  be  altered,  if 
the  rudder  coincides  with  the  curve  described  by  the  stern,  because 
then  it  is  evident  the  rudder  would  be  of  no  use. 

In  the  Examcn  Maritime  by  Don  Georges  Juan,  traduit  de 
I'Espagnol,  the  resistance  of  fluids  is  supposed  to  be,  as  their  den- 
sities, as  the  surface  opposed  to  their  action,  and  as  tiie  square  root 
of  the  depth  to  which  the  opposing  obstacle  is  immersed.  That  the 
first  supposition  is  not  well  founded,  will,  I  think,  appear  from  the 
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experiments  stated  :  and  that  the  th/ird  supposition  is  not,  is  evident 
from  the  following  experiment.  The  plus  and  minus  resistance  of 
a  parallelopipedon  one  foot  square  immersed  to  the  depth  of  very 
nearly  six  inches,  and  moving  with  a  velocity  of  12  feet  in  a  second, 
is  1 52"6'2  lbs.  avoirdupois ;  and  in  table  2d,  the  resistance  of  a  plane 
containing  one  superficial  foot  immersed  to  the  depth  of  six  feet, 
and  moving  with  a  velocity  of  12  feet,  is  157*20  lbs.,  which  is  not 
widely  different ;  and  this  variation  of  458  lbs.  may  partly  be  attri- 
buted to  the  longer  body  being  less  resisted  than  the  plane. 

The  first  column  of  the  following  table  contains  the  velocity  in 
feet  per  second ;  and  the  second  column  contains  the  friction  of 
water  against  100  superficial  feet  of  wood  immersed  to  the  (jepth  of 
six  feet ;  and  great  pains  were  bestowed  in  rendering  the  surface  of 
the  wood  as  even  and  smooth  as  possible. 

The  third  column  contains  the  increase  of  the  friction  by  sinking 
the  surface  one  foot  lower.  If  the  friction  be  required  for  nearer 
the  surface  than  six  feet,  the  numbers  in  this  line  must  be  subtracted 
from  those  in  the  first  line ;  but  if  lower  be  wanted,  the  numbers 
in  this  line  must  be  added.  These  numbers  were  determined  from 
gctual  experiment. 

By  this  table  a  judgment  may  be  formed  what  is  the  friction  of 
the  water  on  the  bottom  of  a  large  ship ;  or,  more  properly  speak- 
ing, what  is  the  minimum  of  the  friction  ;  for  it  is  almost  imprac- 
ticable to  render  the  immersed  part  of  any  vessel  so  even  on  the 
surface  as  that  with  which  the  experiment  was  made. 

A  second  rate  man-of-war  has  15,000  superficial  feet  immersed 
under  ti;e  water,  if  the  draft  of  water  be  24  feet.  Supposing  the 
vessel  sails  at  the  rate  of  20  feet  per  second,  and  that  the  friction  is 
calculated  at  the  depth  of  1 2  feet,  or  half  the  draft  of  water,  then 
121-86  +  24-665  =  146  53,  wliich,  multiplied  by  150,  gives 
21979  lbs.  or  somewhat  more  than  nine  tons ;  but  in  fact  this  addi- 
tional resistance  to  the  division  of  the  fluid  must  be  far  greater,  as 
a  vessel  when  coppered  is,  comparatively  speaking,  a  very  uneven 
surface  ;  and  any  contrivance  to  diminish  the  friction  would  be  very 
desirable.  Rolled  or  milled  copper  sheets  being  smoother  than  those 
hammered,  if  one  of  his  Majesty's  ships  had  one  side  coppered  in 
the  usual  manner,  and  the  otker  side  with  rolled  or  milled  copper  j 
pains  being  taken  to  lay  the  sheets  on  as  evenly  as  possible,  and  the 
heads  of  the  nails  countersunk ;  if  this  vessel  so  prepared  were  sent 
to  sea  in  company  with  another,  and  under  favourable  circumstances, 
the  two  vessels,  by  setting  more  or  less  on  the  same  tack,  had  equal 
progressive  velocity  ;  and  the  two  vessels  put  about,  and  run  on  the 
Qtlier  tack  with  the  same  quantity  of  sail ;  the  difference  of  the 
sailing  will  show  the  advantage  of  the  two  modes  of  coppering. 
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Friction  of  the  Water  against  100  Feet,  at  the  mean  Depth  of 

6  Feet. 


Feet. 

Lbs. 

Lbs. 

Fcef. 

Lbs. 

Lbs. 

1 

0-3716 

0-0067 

11 

38-630 

0-8451 

2 

1-4292 

00253 

12 

45-684 

1-0538 

3 

3-1350 

0-0474 

13 

53-298 

1-2751 

4 

5-4672 

0-0809 

14 

61-462 

1  -5569 

5 

8-4284 

0-1297 

15 

70-180 

1-S771 

6 

11-991 

0-1934 

16 

79-443 

2-2382 

7 

16-154 

0-2767 

17 

89-247 

2-6420 

8 

20-906 

0-3805 

18 

99-588 

S-0911 

9 

26-238 

0-5074 

19 

110-46 

3-5817 

10 

32-152 

0-6618 

20 

121-86 

4  1113 

From  these  experiments,  it  is  evident  that  the  resistance  a  body 
meets  with  when  moving  in  water  consists  of  three  parts — the  head 
resistance,  the  minus  pressure,  and  friction. 

The  shape  of  the  solid  of  the  least  resistance  is  still  to  be  ascer- 
tained, which  experiments  alone  can  determine ;  though  perhaps  no 
shape  will  answer  in  every  velocity. 

I  remain,  my  dear  Sir, 

Yours  very  sincerely, 

Mark  Beaufov. 


Article  V. 

New  and  important  Combinations  with  the  Camera  Lucida. 
By  W.  G.  Horner,  Esq. 

(To  Dr.  Thomson.) 

SIR,  Bath,  Aug.  15,  1815, 

The  numerous  inventions  of  Dr.  Wollaston  in  various  depart- 
ments of  philosophy  are  marked  by  that  precision  and  completeness 
which  constitute  the  true  idea  of  elegance.  They  seldom  leave  to 
succeeding  experimenters  any  hope  of  adding  an  improvement,  and 
are  only  capable  of  being  enhanced  in  estimation  by  multiplying  the 
useful  purposes  to  whicli  they  may  be  applied.  These  remarks  are 
eminently  appropriate  to  the  Camera  Lucida.  As  a  corrective  of 
the  erroneous  decisions  of  the  eye,'  or  a  succidaneum  to  the  labour 
of  educating  that  organ,  the  utility  of  this  beautiful  little  machine 
is  well  known.  These  advantages,  offered  by  the  instrument  in  its 
simple  form,  have  been  proved  by  the  geologist,  as  well  as  by  artists 
in  miniature,  landscape,  and  architecture  ;  but  I  am  ignorant  if  any 
philosopher  has  been  struck  with  the  still  more  extensive  uses  to 
which  it  may  be  adapted  in  combination  with  the  microscope  and 
tt:Iescopc. 
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Many  circumstances  occur  to  recommend  these  adaptations,  with- 
out including  the  superior  gratification  of  being  able  to  copy  with 
certain  conectnei^s  the  forms  of  minute  or  inaccessible  and  distant 
objects,  when  compared  with  that  of  retailing  appearances,  which 
are  open  to  every  beholder.  The  great  difficulty  which  even  an 
experienced  artist  finds,  in  representing  with  tolerable  accuracy  a 
telescopic  or  microscopic  image  viewed  in  the  usual  constrained  and 
interrupted  manner,  will  render  this  improvement  highly  desirable. 
The  astronomer,  and  even  the  military  officer  engaged  in  recon- 
noitrii)g,  would  derive  important  assistance  from  the  use  of  the 
graphic  telescope. 

The  patent  for  the  Camera  Lueida  remains,  I  believe,  with  the 
illustrious  inventor  ;  and  his  sagacity,  which  has  {  erliaps  anticipated 
the  hints  conveyed  in  this  paper,  will  immediately  discover  the  best 
methods  of  applying  them  to  experiment.  Those  methods  which  1 
take  the  liberty  of  noticing  are  simple,  and  such  as  I  have  partially 
submitted  to  trial. 

The  obvious  principles  which  require  attention  in  Ijoth  the  adapta- 
tions recommended  are,  to  immcrge  the  object-face  of  the  prisin 
into  the  cone  of  distinct  rays  which  issue  from  the  eye-glass  of  the 
other  instrument,  further  than  is  permitted  by  the  usual  eye-piece; 
and  to  allow  a  close  approach  of  the  eye  to  the  upper  surface  of  the 
prism.  These  precautions  evidently  tend  to  secure  a  sufficient  extent 
to  the  field  of  view. 

The  graphic  microscope  would  perhaps  be  constructed  in  the  best 
manner  by  attaching  a  single  microscope  to  the  object-face  of  the 
TJrism.  The  a])[)endages  of  pliers,  &g.  might  be  made  applicable 
to  the  shaft  or  style  of  the  camera.  The  vertical  structure,  and 
other  properties  of  the  compound  microscope,  present  obstacles 
which  it  would  not  be  easy  to  surmount.  And  the  solution  of  these 
difficulties  is  the  less  necessary  on  account  of  the  facility  afforded 
by  the  construction  of  the  camera  lueida  itself,  for  enlarging  or 
contracting  the  dimensions  of  the  apparent  image  at  pleasure. 

In  the  telescope  the  perforated  cylindrical  cap,  which  is  screwed 
over  the  eye-glass,  may  be  exchanged  for  a  shorter,  conical,  or 
cuneiform  cap,  having  a  larger  aperture.  This  cap  might  carry  an 
arm,  perforated  to  admit  the  axis  of  the  prism.  A  still  preferable 
method  is,  to  take  off  the  perforated  cap,  and  attach  a  hollow  tube 
to  the  side  of  the  eye-piece.  In  this  tube,  which  must  of  course 
be  shorter  than  that  in  which  the  stem  of  the  camera  slides,  a 
similar  stem  must  be  inserted  bearing  the  prism  :  in  short,  the 
original  instrument,  cut  off  at  one  third  of  its  length,  must  be 
attached  to  the  tube  which  contains  the  eye-glasses  of  the  telescope. 
The  telescope  being  adjusted  to  a  proper  focus,  and  the  stem  of  the 
camera  drawn  out  to  a  due  length,  and  turned,  to  bring  the  prism 
opposite  the  axis  of  the  telescope,  the  aperture  of  the  eye-piece  of 
the  ])rism  being  also  placed  in  such  a  manner  as  to  exclude,  if  re- 
quisite, the  superfluous  rays  ;  the  objects  toward  which  the  instru- 
ment is  directed  will  appear,  on  looking  through  the  prism,  to  be 
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distributed  over  the  paper  which  is  placed  to  receive  the  design.  I 
will  be  nece-'Ssary  to  support  the  paper  as  nearly  as  possible  paralle 
lO  the  axis  of  the  telescope. 

If  you  judge  these  observations  deserving  of  public  diffusion, 
they  are  much  at  your  service;  and  a  candid  notice  of  them  in  your 
Journal,  will  oblige. 

Sir,  your  most  obedient  servant, 

W.  G.  Horner. 


Article  VI. 


An  Attempt  to  systematize  Anatomy,  Physiology,  and  Pathology. 
By   Alexander  Walker, 

(To  Dr.  Thomson.) 

SIR, 

The  value  you  yourself  have  attached  to  the  systematization  of 
chemistry  convinces  me  that  you  will  not  view  with  disregard  a 
similar  attempt  in  anatomy.  To  you  I  need  not  say  that  the  placing 
on  the  title-page  of  a  work  the  word  "  System,"  does  not  convert 
the  ill-arranged  iacts  and  reasonings  of  any  science  into  a  real 
system.  That  word  expresses  the  arrangement  of  these  facts  and 
reasonings  according  to  their  natural  relations ;  and  in  that  sense 
there  is  certainly  no  system  of  Anatomy.  In  that  science,  the  dis- 
covery of  these  natural  relations  has  long  been  an  object  of  my  in- 
vestigation ;  and  the  views  I  have  taken  in  the  present  paper  ueing 
to  me  more  satisfactory  than  any  which  have  hitherto  suggested 
themselves  to  me,  I  shall  be  happy  if  they  prove  not  unsatisfactory 
to  your  readers. 

The  arrangements  of  the  present  paper  being  intimately  allied 
with,  and  in  a  great  measure  founded  upon,  the  facts  and  reason- 
ings contained  in  my  Sketch  of  a  General  Theory  of  the  Intellvjctual 
Functions  of  Man  and  Animals,  inserted  in  two  of  your  former 
numbers,^  the  simplicity,  the  accuracy,  and  the  extensive  applica- 
lility,  of  these  arrangements,  ivill  ajord  the  best  and  most  striking 
proof  at  once  of  the  truth  and  of  the  originality  of  that  theory. 

It  is  unquestionable  that  a  correct  arrangement  of  anatomy  and 
physiology,  or  rather  of  the  organs  and  functions  which  they  con- 
sider, ought  to  indicate,  at  a  single  glance,  the  relations  of  all  these 
organs  and  functions  to,  and  their  dcpenrlcnce  upon,  each  other. 
Yet  is  this  principle  uniformly  violated  by  the  best  anatomical  and 
physiological  writers. 

A  single  remark  will  at  once  point  out  the  errors  of  arrangement 
which  I  deprecate,  and  show  the  originality  of  the  plan  which  I 
propose.  It  is  evidently  unnatural  to  consider  the  brain  before  the 
organs  of  sense  whence  impressions  are  transmitted  to  it;  the  organs 
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of  generation,  before  the  glands  wlience  they  derive  the  generative 
liquid  ;  the  glands,  before  the  arteries  whence  is  received  the  liquid 
they  transmute  ;  the  arteries,  before  the  heart  which  is  the  source 
of  the  blood  they  ci'-culate  ;  the  heart,  before  the  absorbents  whence 
the  materials  of  the  blood — the  chyle  and  lymph,  are  derived  j  the 
absorbents,  before  the  stomach  where  is  digested  the  food  whence 
the  chyle  and  lymph  are  elaborated  :  or  the  muscles,  before  the 
ligaments,  by  which  their  motions  are  limited,  and  without  which 
they  cannot  be  understood.  Yet  arc  more  or  less  of  these  errors 
committed  by  Soemmerring,  Blumenbach,  Hildebrandt,  Winslow, 
Sabatier,  Cuvier,  Chaussier,  Royer,  Dumas  and  all  the  best  anato- 
mical and  physiological  writers. 

Nor  is  this  all :  not  only  do  they,  with  regard  to  the  organs  and 
functions,  reverse,  often  to  a  great  extent,  the  order  of  their  de- 
pendance,  but  they  widely  separate  objects  which  are  in  nature 
closely  connected,  and  blend  together  others  which,  belonging  even 
to  distinct  classes,  have  little  natural  relation.  If  the  arrangement 
of  the  author  of  the  Tables  Synoptiques  de  I'Anatomie,  in  parti- 
cular, were  to  be  considered,  as  all  arrangement  ought  to  be, 
namely,  as  indicating  the  relations  and  dependance  of  the  functions, 
so  absurb  is  it,  that  absorption,  instead  of  the  cause,  would  be  the 
result,  of  nutrition  ;  generation,  the  result  of  absorption  j  and 
digestion,  the  result  of  generation. 

Thus  by  arranging  effects  in  the  place  of  causes  do  physiologists 
confound  the  relations  of  the  functions,  and  reverse  the  very  order 
of  their  dependance. 

The  general  arrangement  of  the  functions  into  external,  relative, 
or  animal,  and  internal,  assimilating,  or  vegetative,  as  anciently 
proposed  by  Aristotle,  and  successively  adopted  by  BuflFon,  Grimaud, 
and  Richerand,  is  replete  with  error. 

For,  first,  under  the  term  external,  relative,  or  animal  functions, 
are  thus  involved,  not  only  the  intellectual  actions,  consisting  of 
sensation,  thought  and  volition,  but  the  locomotive  actions  by  which 
we  move  from  place  to  place ;  yet  these  actions  differ  from  each 
other  in  every  respect.  They  do  not  resemble  each  other  hi  their 
hitimate  nature ;  for  the  intellectual  take  place  longitudinally,*  and 
are  altogether  invisible;  while  the  locomotive  are  performed  angu- 
larly by  means  of  levers,  f  and  are  of  the  most  conspicuous  kind. 
Neither  do  they  agree  in  being  both  external ;  for  the  locomotive  can 
alone  be  considered  so,  while  the  intellectual  are  as  internal  as  the 
animal  or  vital,  on  which  these  physiologists  have  improperly  con- 
ferred that  epithet.  True  it  is  that  the  eye  and  the  ear,  which  are 
intellectual  organs,  receive  impressions  from  external  objects  ;  but 
so  do  tl^e  absorbent  surfaces,  which  are  vital  organs.  If  it  be  urged 
that  the  absorbed  matter  is  carried  inward  to  the  heart,  so  must  it 

•  In  the  tubes  of  the  neui  ilema.  f  The  bones. 
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be  replied  are  the  sensations  to  the  brain ;  and  if  it  be  argued  that 
from  the  brain  volitions  are  propagated  externally,  so  must  it  be 
rejoined  are  secretions  from  the  circulating  system. 

Thus  the  first  error  of  this  method  is  to  bring  under  one  head, 
organs  and  functions  which  are  totally  distinct.  The  second  is  to 
separate  others  which  are  altogether  similar.  For  while  Richerand 
places  in  one  class  the  organs  and  functions  mentioned  above,  he 
places  those  of  generation  in  anotlier.  Now  from  those  which  I 
have  above  termed  vital,  these  do  not  differ  either  in  their  intimate 
nature  or  in  their  general  object.  The  vital  organs  are  all  tabular, 
and  the  action  of  all  is  the  transmission  and  transmutation  oilicjuids: 
the  generative  organs  are  all  also  tubular,  and  all  of  them  also  are 
employed  in  similar  transmission  or  transmutation.  The  general 
object  of  the  vital  actions  is  the  maintenance  of  life;  that  of  the 
generative  is  its  propagation  :  in  this  only  do  they  differ.  They  may 
therefore  be  different  orders  of  the  same  class  :  they  cannot  form 
different  classes. 

Such,  as  its  inspection  will  testify,  are  the  great  and  general  errors 
of  the  system  of  Richerand.     Less  important  ones  are  numerous. 


I  consider  the  system  of  Bichat  after  that  of  Richerand,  because, 
though  it  may  have  had  the  precedence  in  publication,  and  the 
merit  or  demerit  of  that  peculiarity  which  is  common  to  both,  yet, 
"being  more  detailed  and  minute,  it  involves  a  greater  number  of 
errors,  and  is  moreover  connected  with  a  doctrine  respecting  certain 
simple  organic  textures,  which  demands  particular  consideration. 

First,  I  may  remark,  that  all  the  great  and  general  errors — the 
involving  in  one  class  the  intellectual  and  locomotive  functions,  and 
the  forming  a  separate  class  of  the  generative  ones,  committed  by 
Richerand, — are  likewise  committed  by  Bichat,  by  whom  the  in- 
ternal or  assimilating  functions  of  Richerand,  &c.  are  termed 
organic. 

While  such  great  and  general  errors  as  these  pervade  the  system 
of  Bichat,  I  need  scarcely  mention  that  he  improperly  places  ab- 
sorption after  circulation  ;  nor  need  I  dwell  on  minuter  considera- 
tions. 

As  to  his  simple  organic  textures,  he  has  chiefly  derived  them 
from  Malacarne,  who  seems  first  to  have  set  the  example  of  this 
ridiculous  method  which,  by  distributing  the  body  into  common 
systems,  general  systems,  universal  systems,  and  partial  systems; 
and  by  dividing  and  subdividing  these  with  a  profusion  which  sets  at 
utter  defiance  the  most  felicitous  memory,  has,  instead  of  simplify- 
ing, inextricably  embarrassed,  the  study  of  anatomy.  This  writer, 
Bichat  has  been  ambitious  to  rival  in  his  Anatomic  Generalc,  where 
the  mania  of  subdivision,  guided  by  the  most  superficial  reflection, 
and  urged  with  the  most  impertinent  verbiage,  has  made  as  many 
systems  in  the  body  as  there  are  organs. 

Not  evea  coateated  with  oae  system  for  a  set  of  organs,  he  makes 
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two  out  of  it;  and  has  accordingly  two  muscular  and  two  nervous 
systems  !  He  has  a  particular  system  for  cartilages,  another  for 
tendons  and  ligaments,  and  a  third,  which  holds  a  middle  sort  of 
place  between  these  two !  He  has  not  merely  a  system  for  the 
bones  themselves,  but  a  synovial  system  at  their  extremities,  and  a 
medullary  system  ivithin  them  !  He  has  a  pilous  or  hairy  system  on 
the  surftice  of  the  body,  a  dermal  or  skinny  system,  and  an  epi- 
dermal or  scarp-skin  system  !  Curiously  enough  this  last  of  his 
orgastic  systems  is  an  inorganic  substance,  destined  to  preserve 
organic  parts  from  the  immediate  contact  of  external  objects :  it 
possesses  neither  life  nor  sensibility ;  and  he  might  as  well  have 
ranked  among  the  number  of  his  organic  systems  the  layer  of  paint 
which  covers  the  skin  and  envelopes  all  (he  systems  of  the  native 
American. 

Unsatisfied,  however,  with  his  imaginary  simple  systems,  Bichat 
has  created  as  many  simple  functions.  His  animal  life  and  organic 
life,  animal  sensibility  and  organic  sensibility,  animal  contractility, 
organic  sensible  contractility,  organic  insensible  contractility,  and  a 
multitude  of  others,  will  satisfy  those  who  believe  in  them  that  they 
who  ascribe  nine  lives  to  some  of  the  feline  genus  have  only  fallen 
short,  instead  of  exceeding  the  number;  and  will  to  others  afford 
only  another  proof  that  confusion  and  error  never  j^et  were  sepa- 
rated. 

Respecting  his  plan,  I  have  only  to  add,  that  his  Anatomic  Ge- 
nerale  presents  the  most  signal  abandonment  of  nature,  and  of  its 
best  characteristics— simplicity  and  intelligibility.  If  Kant  had 
wished  to  do  for  physiology  the  same  sort  of  service  he  has  done  for 
metaphysics,  he  could  not  have  done  it  more  com|)letely  than  M. 
Bichat,  who  has  so  nicely  perplexed  the  science  as  often  to  alarm 
the  young  for  their  own  incapacity,  and  to  satisfy  the  old  of  its 
author's. 


One  of  the  most  striking  ill  consequences  of  this  want  of  arrange-- 
ment  is  the  difficulty  which  not  only  the  student,  but  even  the  ex- 
perienced anatomist,  feels,  of  obtaining  for  himself,  or  communi- 
cating to  another,  any  short  and  simple  notion  of  the  animal  organs 
and  functions. 

A  simple  notion  of  a  complex  subject  can  be  obtained  or  commu- 
nicated only  bv  means  of  generalization  ;  and  if  this  be  abandoned, 
it  cannot  be  obtained  or  communicated  at  all.  In  anatomy  and 
physiology  such  generalization  is  not  even  attempted  ;  the  organs  and 
functions  are  enumerated  in  an  insulated,  irregular  and  disorderly, 
manner;  and  neither  the  person  who  makes  the  enumeration,  nor 
he  who  hears  it,  is  often  satisfied  that  he  has  enumerated  the  whole. 

If  an  anatomist  be  asked  to  give  a  short  account  of  the  structure 
of  the  body  by  enumerating  its  various  organs,  he  tells  you  that  it 
consists  of  hones,  and  muscles,  and  ligaments,  and  arteries,  and 
veins,  ami  nerves,  and  glands,  and  a  brain,  and  organs  of  sense,  (not 


1815.]  Analomy,  Physidogj/,  and  Pathology.  28f 

perlectly  recollecting  any  more,  he  perhaps  adds) — and  of  various 
viscera.*  It'  you  wish  to  know  vvliat  these  viscera  are,  he  probably 
tells  you  that  they  are  such  parts  as  tlie  heart  and  lungs,  the  stomach 
and  the  intestines;  and  in  innumerating  these  intestines,  whicii  he 
finishes  with  the  rectum,  he  perhaps  adds,  that  the  brain  also,  and 
the  eye,  and  the  ear,  are  called  viscera — that,  in  short,  it  is  a  name 
expressing  many  objects  of  tliul  kind,  which  it  is  unnecessary  for 
him  to  enter  into  a  minute  detail  of.  Perhaps,  after  all.  he  recol- 
lects that  in  enumerating  the  organs,  he  might  indeed  have  men- 
tioned some  such  parts  as  absorbents,  and  cartilages,  and  mem- 
branes, and  so  forth — in  fine,  rather  perplexed,  and  slightly 
ashamed — he  scarce  knows  why — of  the  account  he  ha«  given,  he 
in  general  very  properly  adds,  that  such  enumerations  are  of  no  great 
use,  and  that,  in  order  to  understand  any  thing  of  anatomy,  it  is 
necessary  to  enter  into  a  particular  study  of  it. 

True  it  is,  that  such  enumerations  (:»nd  the  very  best  which  are 
given  in  books  are  no  better)  can  be  of  no  use.  But  it  is  not  less 
true  that,  in  fewer  words,  as  vvill  be  seen  in  the  sequel,  a  very  simple 
and  satisfactory  notion  may  be  given  of  the  animal  system. 


The  developement  of  the  relations  of  tlie  organs  and  functions  to, 
and  of  their  dependance  upon,  one  another,  is  the  basis  of  the 
system  I  propose. 

In  viewing,  then,  the  organs  in  a  general  manner,  a  class  at  once 
obtrudes  itself,  from  its  consisting  of  an  apparatus  of  levers,  from 
its  performing  motion  from  place  to  place,  or  locomotion,  and  fiorn 
these  motions  being  of  the  most  obvious  kind. — A  little  more  obser- 
vation presents  to  us  another  class,  which  is  distinguished  from  the 
preceding  by  its  consisting  of  cylindrical  tubes,  by  its  transmitting 
and  transmuting  liquids,  or  performing  vascular  action,  and  by  its 
motions  being  barely  apparent. — Further  investigation  discovers  a 
third,  which  differs  essentially  from  both  these,  in  its  consisting  of 
nervous  particles,  in  its  transmitting  impressions  from  external  ob- 
jects, or  performing  nervous  action,  and  in  that  action  being  alto- 
gether invisible. 

Thus  each  of  these  classes  is  distinguished  from  another  by  the 
STRUCTURE  of  its  parts,  by  the  purposes  which  it  serves,  and  by 
the  greater  or  less  okviousnkss  of  its  motions.  The  first  consists 
of  levers ;  the  second,  of  cylindrical  tubes  ;  and  the  third,  of  nervous 
particles.  The  first  performs  motion  from  place  to  place,  or  loco- 
motion', the  second,  transmits  and  transmutes  Ugziids,  or  performs 
vascular  action  ;  and  die  third,  transmits  impressions  from  external 
objects,  or  performs  nervous  action.  The  motion  of  the  first  is  ej:- 
tremely  obvious  ;  that  of  the  second  is  barely  apparent;  and  that  of 
the  third  is  altogether  invisible. 

Not  one  of  them  can  be  confounded  with  another  :  for  that  which 

*  This  it  a  term  so  absurd!)  applied,  as  to  admit  of  no  useful  dcfitjiiion. 
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performs  locomotion  neither  transmits  liquids  nor  sensations;  that 
which  transmits  liquids  neither  performs  motion  from  place  to  place, 
nor  is  the  means  of  sensibility ;  and  that  which  is  the  means  of 
sensibility  neither  performs  locomotion  nor  transmits  liquids. 

Now  the  organs  employed  in  locomotion  are  the  bones,  liga- 
•menis  and  muscles ;  those  employed  in  transmitting  liquids  are 
the  absorbent y  circulating  and  secreting  vessels ;  and  those  employed 
about  SENSATIONS  are  the  organs  of  sense,  ceiehrum  and  cerebellum, 
with  the  nerves  which  connect  them.  The  first  class  of  organs  may 
therefore  be  termed  locomotive  or  (from  their  very  obvious  action) 
mechanical ;  the  second,  vascular,  or  (as  even  vegetables  from  their 
possessing  vessels  have  life)  they  may  be  termed  vital ;  and  the  third 
may  be  named  nervous  or  intellectual. 

Mechanical  acti^^n,  indeed,  appears  to  be  only  less  minute  than 
vital  action  ;  and  it  is  probal)le  that  nervous,  as  well  as  chemical, 
action  are  only  yet  more  evanescent.  All  the  organs  and  functions, 
therefore,  may  perhaps  be  termed  mechanical.  But  whether  this 
be  so  or  not  is  of  little  consequence  in  this  case ;  since,  in  adopting 
these  terms,  I  mean  them  merely  to  express  the  obvious  and  im- 
portant distinctions  which  are  mentioned  above. 

An  arrangement  of  anatomy  and  physiology,  however,  according 
to  a  precise  dependance  of  these  systems,  is  not  possible  :  for, 
though  the  nervous  system,  being  considerably  independent  of  the 
muscular  and  vascular,  might  with  this  view  be  placed  first,  yet  we 
cannot,  consistently  with  maintaining  this  precise  order,  next  men- 
tion the  muscular,  because  all  muscular  action  is  in  a  certain  mea- 
sure dependant  on  the  action  of  vessels ;  nor  can  we  next  mention 
the  vascular,  because  all  vascular  action  is  in  a  certain  measure  de- 
pendant on  the  action  of  muscles.  In  short,  in  animals  all  the 
systems  influence  one  another,  just  as  in  vegetables  the  two  which 
exist  in  them — the  mechanical  and  vital,  are  reciprocally  affected. 

The  order,  then,  of  greatest  independence,  is  that  which  places 
the  meciianical  organs  first,  because  in  minerals,  the  simplest  beirigs, 
where  mechanical  structure  alone  exists,  it  is  uninfluenced  by  any 
vital ;  the  vital  organs  next,  because  in  vegetables — the  beings  next 
in  complexity,  they  are  uninfluenced  by  any  intellectual ;  and  the 
intellectual  last,  because  they  exist  only  in  animals.  This,  then,  is 
the  order  of  their  greatest  independence. 

The  advantages  of  this  arrangement  are,  fii-st,  its  enumerating 
the  organs  in  the  order  of  the  obviousness  of  their  functions: 
secondly,  its  enumerating  them  in  the  order  of  the  three  natural 
classes  of  beings — minerals  having  mechanical  structure;  vegetables, 
mechanical  and  vital ;  and  animals,  mechanical,  vital  and  intellec- 
tual :  thirdly,  its  connecting  this  portion  of  science  with  science  in 
general ;  f©r,  from  the  mechanical  and  vital  organs,  common  to 
animals  with  the  inferior  classes,  we  pass  through  the  intellectual 
which  are  proper  to  them,  to  the  consideration  of  intellect  itself, 
and  of  those  signs  of  ideas  which  language  affords.  Thus  we  pass 
naturally  from  the  last  of  the  physical  sciences,  considering  the 
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structure  of  beings  gradually  increasing  in  perplexitv,  through  the 
portions  of  anatomy  and  pbybiology,  to  the  first  of  tlie  literary  and 
moral  ones. 

The  disadvantages  vvliich  would  result  fronti  the  abandonment  of 
this  order  of  the  organs  would  be,  that  we  should  lo«e  sight  of  this 
natural  independence,  that  we  should  reverse  the  order  of  the  ob- 
viousness of  the  functions,  and  that  their  reference  to  the  three 
natural  classes  of  beings,  and  their  relations  to  science  in  general 
would  altogether  disappear  -that  the  sciences  of  anatomy  and  phy- 
siology would  at  once  be  insulated  and  deranged. 

The  human  body,  then,  consists  of  organs  of  three  kinds.  By 
the  first  kind,  motion  from  place  to  place,  or  mechanical  action,  is 
effected;  by  the  second,  nutrition,  or  vital  action,  is  maintained- 
and  by  the  third,  thought,  or  intellectual  action,  is  permitted! 
Anatomy  I  therefore  divide  into  three  parts  ;  nsimely,  that  whi-h 
considers  the  mechanical  or  locomotive  organ?,  that  which  considers 
the  vital  organs,  and  that  which  considers  the  intellectual  organs. 

Under  the  mechanical  or  locomotive  organs,  1  class,  first  the 
bones,  which  support  the  rest  of  the  animal  structure;  second'  the 
ligaments,  which  unite  them  ;  and  third,  the  muscles,  which  move 
them. 

Under  the  vital  organs,  I  class,  first,  the  external  and  infernal  ab- 
sorbent surfaces,  and  the  vessels  which  absorb  fiom  these  surfaces 
or  the  organs  of  absorption ;  second,  the  heart,  lungs,  and  blood- 
vessels, which  derive  their  contents  (the  blood)  fom  the  absorbed 
lymph,  or  the  organs  of  circulation ;  and  third,  the  glands  and 
secretmg  surfaces,  which  separate  various  matters  from  the  blood  or 
the  organs  of  secretion.  ' 

Under  the  intellectual  organs,  I  class,  first,  the  organs  of  sense, 
where  impressions  take  place ;  second,  the  cerebrum,  or  or-^an  of 
thought,  where  these  excite  ideas;  and  third,  the  cerebellum,  where 
volition  results  from  the  last. 

To  some  it  may  appear  that  the  organs  and  functions  of  dVestion 
respiration  and  generarion,  are  not  involved  by  this  arrangement  • 
but  suck  a  notion  can  originate  only  in  superficial  observation 
IJigestion  IS  a  compound  function  easily  reducil)le  to  some  of  the- 
simple  ones  which  1  have  enumerated.  It  consists  of  the  motion  of 
the  stomach  and  contiguous  parts,  of  the  secretion  of  a  liquid  from 
Its  internal  surface,  and  of  that  heat  which  is  the  common  result  of 
all  action,  whether  locomotive,  vital,  or  intellectual,  and  whic-h  is 
better  explained  by  such  motion  than  by  chemical  theories.  Simi- 
larly compound  are  respiration  and  generation. 

Thus  there  is  no  organ  nor  function  which  is  not  involved  by  the 
simple  and  natural  arrangement  I  have  sketched. 

Compound,  however,  as  the  organs  of  digestion,  respiration  and 
gem^ration,  are^  ^y^t  as  they  form  so  important  a  part  of  tlie  system, 
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it  may  be  asked,  *•'  with  which  of  these  classes  they  are  most  allied?' 
The  answer  is  obvious.     All  of  them  consist  of  tubular  vessels  of 
various  diameter;  and  all  of  them  transmit  and  transmute   liquids. 
Possessing  such  strong  characteristics  of  the  vital  system,  they  are 
evidently  most  allied  to  it. 

In  short,  digestion  p7-cparc'S  the  vital  matter,  which  is  taken  up 
by  absorption — the  first  of  the  simple  vital  functions  ;  respiration 
renovates  it  in  the  very  middle  of  its  course — between  the  two  por- 
tions of  the  simple  function  of  circulation  ;  and  generation,  de- 
pendant on  secretion — the  last  of  these  functions,  communicates 
this  vital  matter,  or  propagates  vitality  to  a  new  series  of  beings.  In 
such  arrangement  the  digestive  organs  therefore  precede,  and  the 
generative  follow,  the  simple  vital  organs;  while  the  respiratory 
occupy  a  middle  place  between  the  veinous  and  the  arterial  circula- 
tion. Nothing,  however,  can  be  more  improper,  as  the  preceding 
observations  show,  than  considering  any  one  of  these  as  a  distinct 
class. 

The  preceding  is  a  natural  arrangement  of  the  anatomy  of  man: 
and  the  higher  animals ;  and  its  peculiar  simplicity  is  illustrated  by 
its  involving,  in  application,  that  of  minerals  and  vegetables,  and 
by  its  being  capable  of  instant  adaptation  to  physiological  science. 


In  order  to  arrange  animal  Physiology,  it  is  only  necessary  to 
substitute  the  term  "  functions  "  fw  ."  organs  ;  "  and  that  science 
will  likewise  involve,  in  application,  the  physiology  of  mineral  and 
vegetable  bodies,  and  be  in  its  turn  capable  of  instant  adaptation  to 
medical  science. 

Thus  the  functions  also  are  divided  into  mechanical,  vital,  and 
intellectual. 

The  mechanical  functions  are  subdivided  into  that  of  support, 
that  of  connexion,  and  that  of  locomotion. 

The  vital  functions  are  divided  into  that  of  absorption,  that  of  cir- 
culation, and  that  of  secretion. 

The  intellectual  functions  are  divided  into  that  of  sensation,  that 
of  mental  operation,  and  that  of  volition. 

A  circle  of  functions,  I  may  observe,  thus  exist  in  animals,  which 
exist  not  in  minerals  or  vegetables,  because  volition,  the  last  of  the 
intellectual  functions,  connects  itself  to  the  mechanical  ones  by  ren- 
dering them  subservient  to  it  in  locomotion.  Thus  the  first  and  the 
last  of  these  functions  arc  as  intimately  connected  as  any  of  the  in- 
termediate ones,  and  a  beautiful  circle  of  organic  function  and 
organic  influence  is  formed. 

Thus,  then,  there  are  three  orders  both  of  organs  and  functions — 
the  locomotive,  the  vital,  and  the  intellectual ;  and  of  each  of  these 
orders  there  are  also  three  genera,  namely,  of  the  first  or  locomo- 
tiye,  those  organs  and  functions  which  support,  connect,  and  move 5 
joi"  the  second,  or  vital,  those  which  absorb,  circulate,  and  secrete  j 
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and  of  the  last,  or  intellectual,  those  which  feel,  thinlc,  and  will; 
and  by  the  latter  of  these  the  former  is  in  locomotion  afl'ected. 


In  order  to  arrange  Pathology,  for  the  term  "  healtliy  func- 
tions," the  subject  of  physiology,  it  is  only  necessary  to  substitute 
the  term  "  diseased  functions." 

The  classes  of  disease  are,  therefore,  like  those  of  anatomy  and 
physiology,  three;  namely,  diseases  of  the  mechanical  or  locomotive 
functions,  diseases  of  the  vital  functions,  and  diseases  of  intellectual 
functions. 

The  orders  of  the  first  class,  as  affecting  the  functions  of  the 
bones,  the  ligaments,  and  the  muscles,  are  three,  viz.  diseases  of 
support,  diseases  of  connexion,  and  diseases  of  locomotion. 

Those  of  the  second  class,  as  affecting  the  functions  of  the  ab- 
sorbent, the  circulating,  and  the  secreting,  vessels,  are  likewise  three, 
viz.  diseases  of  absorption,  diseases  of  circulation,  and  diseases  of 
secretion. 

Those  of  the  third  class,  as  affecting  the  functions  of  the  organs 
of  sense,  of  the  brain,  and  of  the  nerves,  are  also  three,  viz.  diseases 
of  impression,  diseases  of  judgment,  and  diseases  of  volition. 

The  genera  under  each  order  consist  of  diminished,  depraved, 
and  increased,  functions. 


Precisely  in  the  same  way  would  I  class  the  articles  of  the  Ma- 
teria Mkdica;  first,  as  operating  upon  the  mechanical,  vital,  or 
intellectual,  organs ;  and  then  as  either  increasing,  rendering  re- 
gular, or  diminishing  their  action. 


It  is  not  unusual  to  consider  the  body  as  being  divided  into  the 
head,  the  trunk,  and  the  extremities;  but  in  consequence  of  the 
hitherto  universal  neglect  of  the  natural  arrangement  of  the  organs 
and  functions  into  mechanical,  vital,  and  intellectual,  the  beauty 
and  interest  which  may  be  attached  to  this  division  has  equally 
escaped  the  notice  of  anatomists. 

It  is  a  curious  fact,  and  strongly  confirmative  of  the  preceding 
arrangements,  that  one  of  these  parts — the  extremities,  consist 
almost  entirely  of  mechanical  organs,  namely,  of  bones,  ligaments, 
and  muscles  ;  that  another — the  trunk,  consists  of  all  the  greater 
vital  organs,  namely,  absorbents,  blood-vessels,  and  glands  ;  and  that 
the  third— the  head,  contains  all  the  intellectual  organs,  namely,  the 
organs  of  sense,  cerebrum,  and  cerebellum.  In  perfect  consistency 
whh  my  assertion,  "  that  though  the  organs  of  digestion,  respira- 
tion, and  generation,  were  really  compound,  still  they  were  chiefly 
vital,  and  properly  belonged  to  that  class,"  it  is  not  less  remarkable 
that  in  this  division  of  the  body  they  are  found  to  occupy  that  part — • 
the  trunk,  in  which  the  chief  simply  vital  organs  are  contained, 
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This  also  shows  the  impropriety  of  reckoning  any  of  these  a  separate 
system  from  the  vital. 

It  is  a  fact  not  less  curious,  nor  less  confirmative  of  the  preceding 
arrangtnieiits,  that  of  these  parts  those  which  consist  chiefly  of 
mechanical  organs — organs  which,  in  the  sense  already  explained, 
are  common  to  us  with  tlie  lowest  class  of  beings,  namely,  minerals,* 
are  placed  in  the  lowest  situation,  namely,  the  extremities ;  that 
which  c()nsists  chiefly  of  vital  organs — organs  common  to  us  with  a 
higher  class  of  beings,  namely,  vegetables,  \  is  placed  in  a  higher 
situation,  namely,  the  trunk  ;  and  that  which  consists  chiefly  of 
intellectual  organs — organs  peculiar  to  the  highest  class  of  beings, 
namely,  animals,  %  is  placed  in  the  highest  situation,  namely,  the 
head.... It  is  not  less  remarkable,  that  this  analogy  is  supported 
even  in  its  minutest  details  :  for,  to  choose  the  vital  organs  contained 
in  the  trunk  as  an  illustration,  it  is  a  fact  that  those  of  absorption 
and  secretion,  which  are  most  common  to  us  with  plants — a  loiver 
class  of  beings,  have  a  lower  situation— in  the  cavity  of  the  abdo- 
men ;  while  those  of  circulation,  which  are  very  imperfect  in  plants,  § 
and  more  peculiar  to  animals — a  higher  class  of  beings,  hold  a 
higher  situation — in  the  cavity  of  the  thorax. 

It  is  moreover  worthy  of  remark,  and  still  illustrative  of  the  pre- 
ceding arrangements,  that  in  each  of  these  three  situations  the 
bones  diflFer  both  in  position  and  in  form.  In  the  extremities  they 
are  situated  internally  to  the  soft  parts,  and  are  generally  of  cylin- 
drical form  ;  in  the  trunk  they  begin  to  assume  a  more  external 
situation,  and  a  flatter  form,  because  they  protect  vital  and  more 
important  parts,  which  they  do  not,  however,  altogether  cover ;  and 
in  the  head  they  obtain  the  most  external  situation  and  the  flattest 
form,  especially  in  its  highest  part,  because  they  protect  intellectual 
and  most  important  organs,  which  in  some  parts  they  completely 
invest. 

The  loss  of  such  general  views  is  the  consequence  of  arbitrary 
methods.  They  did  not  present  themselves  to  me  till  I  had  traced 
this  outline  of  the  natural  system. 

Alexander  Walkeh. 

•  The  bones,  mofeover,  contain  the  };reafest  quantity  of  mineral  matter. 
+  It  is  the  possession  of  vessels  which  constitutes  the  vitality  of  vegetables. 
J   In  animals  alone  is  nervous  matter  discoverable. 

^  Plants  have  no  resil  circHlation,  nor  passage  of  their  nntritire  liquid  tbrougk 
the  same  point. 
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Article  VII. 


Astronomical  and  Magnetical   Observations    at   Hackney  IVick, 

By  Col.  Beaufoy. 

Latitude,  51*  32'  40-S"  North.      Lougilude  West  in  Time  6"-iVo  • 
Sept.  12,  immersion  of  a  small  star  in  Sagittarii,  8h  59' 04''  Mean  Time  at  H.  W. 
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1815. 
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Comparison  of  Observations. 
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Evaporation  during  the  same  period 3"420 

Errata  in  the  last  Number  nf  tkt  Annnls  of  Philosuphy. 

In  the  remarks  on  the  variation,  after  tiie  words  "  the  morning  and  noon  observa» 
lions,"  insert  "  on  the  20th." 


Article  VIII. 

Analyses  of  Books. 

The  Literary  and  Scientific  Pursuits  which  are  encouraged  and 
enforced  in  the  University  of  Cambridge  briefly  described  and  vindi- 
cated: with  various  Notes.  By  tlie  Rev.  Latham  Wainewriglit, 
A.M.  F.  A.  S.  of  Emmanuel  College,  in  that  University,  anti 
Rector  of  Great  Briokhill,  Bucks.     London.     Hatchard.  1815. 

The  outcry  which  has  been  raised  against  the  English  universi- 
ties, and  the' very  general  opinion  entertained  for  some  time  past 
that  they  are  rather  theatres  of  dissipation  than  of  learning  and 
science,  have  been  attended  with  several  good  eiFects-  They  have 
produced,  it  is  said,  a  reform  in  Oxford,  where  the  defects,  if  we 
believe  Gibbon,  and  some  others  who  have  written  on  the  subject, 
were  great,  and  almost  intolerable  :  and  this  reformation,  if  our  in- 
formation respecting  that  University  be  correct,  might  be  carried 
still  further,  with  considerable  advantage  to  the  young  men  who 
frequent  it.  They  have  occasioned  likewise  the  present  publication, 
%\hich  makes  us  acquainted  with  the  mode  of  education  followed  at 
Cambiidge,  the  sister  University,  long  celebrated  for  the  attention 
which  she  pays  to  mathematics  and  the  mechanical  sciences. 
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Though  this  little  work  was  intemled  by  its  author  as  a  full  account 
of  the  mode  of  education  followt'd  at  Cambridge,  and   though  xve 
have  no  doubt  that  it  is  written  with  as  much  candour  as  is  con- 
sistent with  the  character  of  a  professed  eulogist,  we  regret  that 
several  circumstances  are  omitted  which  would  liave  been  requisite 
to  convey  to  us,  who  are  quite  unacquainted  with  the  forms  of  Eng- 
lish Universities,  an  adequate  idea  of  the  value  of  the  information 
which  is  communicated  to  the  young  men  by  the  tutors.     In  the 
Universities  of  Scotland,  and  we  believe  in  all  those  on  the  conti- 
nent of  Europe,  every  science  taught  is  confined  to  a  particular  in- 
dividual, who  is  called  the  Professor  of  that  science,  and   whose 
business  it  is  to  collect  a  correct  outline  of  the  whole  department  of 
knowledge  committed  to  his  charge,  and  to  lay  the  best  arranged 
and  most  luminous  view  of  it,  which  he  can,  before  his  pupils,  liut 
in   the  English  Universities  the  case  is  very  different.     In  every 
college  a  certain  person  is  appointed  under  the  name  of  tutor,  under 
^vhose  care  the  students  at  that  college  are  placed,  and  to  whom  they 
are  indebted  for  all  the  academical  information  which  they  receive. 
Now  in  order  to  form  a  judgment  of  the  way  in  which  these  tutors 
are  likely  to  discharge  their  duty  (on  which  every  thing  depends),  it 
would  be  re(|uisite  to  know   whether  one   tutor   teaches  all   the 
sciences,  or  whether  a  particular  tutor  be  appointed  for  each  parti- 
cular science  ;  whether  the  tutor  receives  any  fees  from  his  pupils, 
and   whether  his  emoluments  depend  chiefly  at   least  upon  the 
number  of  students  that  enter  his  particular  college.     Now  upoa 
these  very  material  points  no  information  whatever  is  communicated 
by  Mr.  Wainewright, 

If  every  college  is  restricted  to  only  one  tutor,  the  probability,  or 
almost  the  certainty,  is,  that  he  will  have  a  stronger  bias  to  one  de- 
partment of  knowledge  than  to  the  others.  The  three  great  depart- 
ments which  constitute  the  range  of  a  Cambridge  education  are, 
1.  Latin  and  Greek,  including  Belles  Lettres.  2.  Mathematics, 
and  the  Mathematical  Sciences.  3,  Metaphysics,  Morals,  and 
Theology.  Now  it  is  very  unlikely  that  a  thorough  Greek  and  Latin 
scholar,  or  a  professed  poet  or  critic,  should  at  the  same  time  be  a 
good  mathematician  and  a  profound  metaphysician.  Who  ever 
heard  of  a  poetic  mathematician  ?  Unless  Haliey  and  Boscovich 
are  to  be  considered  as  examples.  Now  to  whatever  science  the 
tutor  iias  particularly  attached  himself,  there  is  every  reason  to 
suppose  that  to  it  he  will  naturally  turn  the  chief  attention  of  his 
pupils,  and  that  the  information  which  he  has  to  communicate  on 
the  other  branches  of  knowledge  will  be  comparatively  of  little 
value.  Hence  the  probability  is,  that  whatever  branch  of  know- 
ledge has  become  fashionable  in  the  University,  to  that  branch  the 
attention  of  the  students  will  be  generally  directed.  I  conceive  this 
to  be  the  reason  why  Greek  and  Latin  constitute  the  chief  objects 
of  study  at  Oxford,  and  mathematics  at  Cambridge.  I  once  met 
with  an  Oxford  student  in  a  stage-coach,  a  very  young  man,  who 
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told  me  that  for  his  part  he  would  rather  enjoy  the  reputation  of 
Person  than  that  of  Newton. 

If  there  be  a  tutor  appointed  for  every  particular  science  at  Cam- 
bridge, ihe  objection  winch  1  have  stated  will  be  obviated  ;  but  un- 
luckily Mr.  Wainewright  has  given  us  no  information  whatever  on 
the  subject. 

If  the  emoluments  of  the  tutor  depend  upon  the  number  of  stu- 
dents attending  his  particular  college,  and  if  that  number  be  deter- 
mined by  the  reputation  of  the  tutor,  then  it  is  obvious  that  a  strong 
motive  is  held  out  to  him  to  discharge  his  duty  as  faithfully  as , pos- 
sible ;  because  tl>e  higher  his  reputation,  the  greater  will  his  income 
become.  The  salaries  of  the  medical  piofessors  at  Edinburgh  (ex- 
cluding two  or  three  late  appointments  by  the  Crown)  amount  to 
20/.  a  year  divided  among  five  individuals,  or  4/  per  annum  each. 
Hence  their  whole  emoluments  depend  upon  their  students.  If  they 
neglect  their  duty,  they  will  be  sure  to  lose  their  class,  and  then  the 
Professor's  chair  will  not  be  worth  filling.  But  if  the  income  of  the 
Cambridge  tutors  does  not  depend  upon  their  pupils,  if  they  receive 
the  same  sum  whether  they  do  their  duty  or  not,  whether  the 
number  of  their  pupils  be  great  or  smfili,  then  in  that  case  the 
powerful  feeling  of  self-interest  will  bp  wanting  to  stimulate  their 
exertion,  and  the  chance  of  indolence  and  carelessness  will  be 
greatly  enhanced.  Tiie  indolence  of  the  established  clergy  has 
long  been  proverbial,  while  the  activity  of  the  dissenting  clergy  has 
alwavs  been  conspicuous,  because  their  success  in  life  depends  upon 
the  opinion  entertained  pf  th^m  by  their  hearers. 

It  would  have  been  very  desirable  if  Mr.  Wainewright  had  conr 
veyed  information  to  us  upon  these  two  most  material  points,  be- 
cause upon  them  the  value  of  Cambridge  as  a  place  of  education 
must  chiefly  depend. 

Another  piece  of  information  scarcely  less  important  is  also  want- 
ing. We  should  have  been  told  how  great  a  portion  of  each  year  it 
is  necessary  for  the  student  who  means  to  reap  the  proper  advantages 
of  the  institution  to  reside  at  Cambridge.  I  have  known  some 
per-'Ons  keep  their  terms,  as  it  is  called,  and  yet  reside  but  a  very 
shoit  part  of  the  year  at  an  English  University.  If  this  be  a  common 
practice,  oi  if  it  may  be  followed  by  every  person  ad  lib'Uum,  it  h 
obvious  that  the  University  is  converted  in  a  great  measure  into  a 
mere  political  establishment. 

But  perhaps  the  most  important  Information  of  all  is  the  sum  of 
money  per  annum  which  a  student  at  Cambridge  requires  tp  put  him 
on  a  footing  wxtli  his  associates.  I  have  been  told  by  a  young.  Gentle- 
man, a  friend  of  mine,  a  student  at  Cambridge,  that  300/.  a-year 
was  the  least  that  he  could  ever  spend.  Suppose  this  to  be  cpnsider- 
ably  above  the  minimum,  it  may  serve  to  give  us  some  idea  at  least 
of  the  style  of  life  which  the  generality  of  the  students  lead.  Novv 
a  moment's  reflection  must  convince  any  person  that  if  a  young  mar^ 
resides  part  of  the  year  at  Cambridge,  and  spends  during  that  time; 
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300/.,  his  mind  must  be  taken  up  about  something  else  than  study 
otherwise  the  fees  exacted  must  be  shamefully  and  improperly  high 
I  consider  the  cheapness  of  education  as  the  most  important  advan- 
tage which  any  nation  can  possess.  No  people  can  ever  make  a 
figure  in  science  or  literature  if  the  terms  of  education  are  so  high 
that  it  is  necessarily  confined  to  the  higher  ranks  of  society  ;  because 
proficiency  in  science  is  the  result  of  long  and  laborious  exertion, 
which  few  will  be  capable  of  making  who  already  feel  themselves 
sufficiently  distinguished  by  their  rank  or  their  wealth.  If  we  take 
a  view  of  the  literary  characters  who  have  given  lustre  to  Great 
Britain,  how  small  a  number  shall  we  find  who  had  either  rank  or 
wealth  to  boast  of?  Have  they  not  in  general  risen  from  the  lower 
ranks  of  society  ?  Nature  endowed  them  with  talents,  accident  gave 
them  the  requisite  education  ;  and  that  noble  emulation,  that  desire 
of  distinction  so  strongly  attached  to  genius  and  talents,  urged  thera 
on  to  exert  the  requisite  industry,  and  emerge  from  the  obscurity  iu 
which  chance  had  placed  them. 

During  each  of  the  years  IJi^S,  17^!?>  ^nd  17*-^0,  I  resided  sis 
months  at  the  University  of  St.  Andrews  :  my  expenses  during  each 
year  (including  every  thing)  did  not  exceed  III.  The  next  ten 
years  i  spent  at  the  University  of  Edinburgh.  Here  my  expenses 
were  greater,  because  I  resided  in  that  city  during  the  whole  year, 
and  because  1  had  to  pay  for  lodgings,  which  was  not  the  case  at  St. 
Andrews.  But  even  in  Edinburgh  the  annual  expenditure  did  not 
exceed  50/.  It  will  be  higher  at  present  in  both  places ;  because 
the  prices  of  every  thing  have  risen  greatly  since  the  period  to  which 
I  allude.  But  even  at  present  I  should  consider  30/.  or  40/.  a  suffi- 
cient allowance  for  St.  Andrews,  and  100/.  for  Edinburgh. 

Perhaps  indeed  it  is  of  more  importance  that  the  grammar  school 
education  should  be  cheap  and  accessible  to  all ;  because  here  the 
boy  of  genius  becomes  first  aware  of  his  talents,  and  feels  the  charms 
that  attend  the  acquisition  of  knowledge.  These  charms  are  so 
powerful,  and  the  new  views  which  education  opens  so  efficacious, 
that  when  a  boy  has  once  felt  their  influence  he  will  make  wonderful 
exertions  to  enal)le  him  to  advance  in  the  same  career.  1  know  a 
Gentleman  who  at  present  makes  a  very  respectable  figure  in  the 
literary  world,  and  enjoys  a  very  handsome  income.  He  was  the 
son  of  a  hind  in  the  south  of  Scotland.  During  summer  he  hired 
himself  out  to  the  farmers,  and  during  winter  put  himself  to  school 
jvith  the  money  which  he  had  thus  earned.  By  degrees  he  got  the 
situation  of  a  parish  schoolmaster  ;  and  continuing  his  assiduity,  and 
rising  by  slow  progression,  he  now  occupies  one  of  the  most  lucra- 
tive literary  situations  which  Scotland  possesses.  I  might  mention 
other  instances  of  a  similar  nature.  A  poor  Berwicksliire  hoy  was 
4n  the  habit  of  travellmg  during  the  summer  as  a  pedlar,  and  during 
the  winter  he  put  himself  to  school  with  the  fruits  of  his  summer's 
earnings.  In  this  manner  he  contrived  to  give  himself  an  excellent 
(education.  He  then  set  out  for  London  to  push  his  fortune.  His 
first  situation  in  thfit  capital  was  tliat  of  porter  to  a  bookseller.  This 
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gentleman  had  two  sons  learning  mathematics,  and  the  new  porter 
made  out  for  them  some  exercises  which  were  very  much  applauded. 
An  inquiry  was  made,  the  quaHfications  of  the  porter  were  disco- 
vered, the  bookseller  recommended  him  to  some  friends  whom  he 
had  in  a  particular  University.  He  went,  and  was  enabled  by  the 
kindness  of  those  gentlemen  to  complete  his  education  5  and  he  now 
fills  a  most  respectable  literary  situation  in  England. 

Nor  let  it  be  supposed  that  the  money  requisite  for  these  purposes 
was  great.  I  myself  was  educated  at  one  of  the  best  grammar 
schools  of  Scotland  ;  and  the  whole  expense  of  my  grammar  school 
education  amounted  exactly  to  30^.,  of  which  I  myself  afterwards 
paid  20.S.  after  I  had  grown  up,  and  had  begun  to  provide  for  my- 
self. I  think  it  will  be  admitted  that  in  proportion  to  the  population 
of  the  two  countries,  there  is  at  present  a  greater  number  of  literary 
Scotchmen  than  Englishmen.  Now  the  sole  reason  of  this  differ- 
ence is  the  cheapness  of  education  in  Scotland,  and  the  existence  of 
a  grammar  school  in  every  parish.  The  meritorious  exertions  of  the 
promoters  of  the  Lancasterian  schools  in  England  will  probably  soon 
destroy  this  difference,  at  least  in  part ;  though  I  am  apprehensive 
that  they  scarcely  go  far  enough.  The  mere  knowledge  of  reading 
and  writing  is  very  valuable  ;  but  the  principles  of  morality  and 
religion  are  not  less  so;  because  wherever  they  are  wanting,  know- 
ledge proves  rather  a  bane  than  an  advantage.  It  is  much  to  be 
wished,  likewise,  that  means  were  taken  to  distinguish  those  chil- 
dren who  happen  to  be  possessed  of  uncommon  genius,  and  to  afford 
them  the  requisite  facilities  for  completing  their  education. — But 
this  digression  has  been  carried  far  enough. 

The  subjects  taught  at  the  University  of  Cambridge  are  divided 
by  Mr.  Wainevvright  into  three  heads ;  namely.  Classics  and  Ge- 
neral Literature  ;  Natural  Philosophy  and  Matliematics ;  Moral  and 
Political  Philosophy,  Metaphysics  and  Theology. 

1 .  During  that  part  of  each  term  which  requires  attendance,  the 
classics  are  regularly  read.  They  consist  of  the  Greek  tragedies, 
Plato,  Herodotus,  Thucydides,  Aristotle's  Poetics,  Cicero,  Tacitus, 
&c.  These  books  are  not  barely  read  ;  but  the  peculiarities  of  ex- 
pression, the  beauties  of  diction,  the  singularities  of  construction, 
the  prosody — every  thing  of  importance  is  pointed  out  by  the  tutor 
to  the  attention  of  the  young  men,  so  as  to  render  them  not  merely 
accurate  linguists,  but  scholars  and  critics. 

There  are  14  scholarships  or  exhibitions  in  Cambridge;  and  in 
filling  them  more  regard  is  paid  to  proficiency  in  Greek  and  Latin 
than  in  mathematics.  Various  annual  prizes  exist  for  declamations 
in  Latin  and  English,  themes,  poems,  &c. ;  all  of  which  have  a 
tendency  to  excite  emulation,  and  to  promote  the  cause  of  general 
literature.  Finally,  there  are  examinations  twice  a  year,  which  are 
conducted  with  rigour  and  impartiality. 

2.  Very  particular  attention  is  paid  in  Cambridge  to  natural  philo- 
sopliy  and  mathematics.  As  the  young  men  have  seldom  any  pre- 
vious knowledge  of  these  branches  of  science  when  they  go  to  the 
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University,  the  tutors  find  it  necessary  to  commence  at  the  very 
beginning.  Tiie  brandies  of  mathematics  taught  are,  geometry, 
trigonometry,  algebra,  conic  sections,  fluxions ;  and  the  four  mathe- 
niatical  departments  of  mechr  iiical  philosophy,  namely,  astronomy, 
optics,  hydrodynamics,  nieciianics.  Professors  Vince  and  Wood 
have  drawn  up  text  books  for  these  diflerent  departments,  which 
save  a  great  deal  of  trouble,  both  to  the  tutors  and  pupils.  Finally, 
^Newton's  Principia  is  thoroughly  studied  and  explained.  Mr. 
Wainewright  explams  at  considerable  length  the  nature  of  the 
public  examinations  which  take  place  before  the  distribution  of 
degrees,  shows  the  prodigious  emulation  which  they  excite,  and  the 
great  advantages  with  which  they  are  attended.  I  have  no  doubt 
whatever  that  these  disputations  are  of  considerable  service,  and 
occasion  the  acquisition  of  much  useful  and  important  knowledge, 
and  the  developement  of  abilities  which  would  otherwise  have  lain 
dormant. 

The  present  scarcity  of  eminent  mathematicians  in  Great  Britain 
has  been  wondered  at  by  some  persons,  and  Mr.  Playfair  lias  ascribed 
it  to  the  mode  in  which  mathematics  is  taught  at  Cambridge.  Mr. 
Wainewright  endeavours  to  refute  this  opinion.  1  have  no  doubt 
myself  that  it  is  to  be  assigned  to  another  cause,  or  rather  to  a 
variety  of  other  causes.  One  cause  is  the  kind  of  education  to  which 
those  taught  in  the  great  grammar  schools  are  exclusively  confined. 
I  mean  Greek  and  Latin.  1  have  met  with  an  excellent  classical 
scholar  from  an  English  school,  near  20  years  of  age,  who  could 
not  repeat  the  multiplication  table.  Unless  the  drudgery  of  alge- 
braic calculations  is  got  over  at  an  early  age,  we  can  scarcely  expect 
the  generality  of  mankind  to  acquire  much  dexterity  in  it ;  for  my 
readers,  I  presume,  are  aware  that  it  is  in  a  great  measure  a  mecha- 
nical art.  That  a  knowledge  of  Greek  and  Latin  is  of  considerable 
importance  to  every  literary  man,  is  what  every  person  will  very 
readily  allow.  They  afford  us  the  finest  models  of  style  and  compo- 
sition, and  furnish  much  valuable  information  in  history,  mathe- 
matics, and  moral  philosophy.  But  to  consider  a  knowledge  of 
these  languages  as  constituting  the  whole  of  a  liberal  education, 
appears  highly  preposterous.  A  knowledge  of  arithmetic  alone  is 
of  more  real  service  to  every  man  than  all  the  Greek  and  Latin 
which  the  most  profound  scholar  ever  possessed.  Arithmetic  and 
mathematics  ought  to  constitute  a  part  of  every  school  education,  as 
well  as  Greek  and  Latin.  They  ought  to  be  as  assiduously  taught, 
and  considered  as  an  equally  necessary  preliminary  to  a  course  at 
tl'-e  University  as  Greek  and  Latin.  If  this  were  the  case  all  over 
England,  we  should  soon  see  a  change  in  the  figure  we  at  present 
make  as  a  mathematical  nation.  Many  individuals  of  the  first  rate 
mathematical  genius,  who  at  present  pass  through  life  without  being 
aware  of  their  powers,  would  acquire  the  requisite  preliminary  know- 
ledge, would  become  conscious  of  their  qualifications,  and  would 
proceed  the  greatest  length  in  that  career  thus  happily  opened.  I 
pe(jd  not  say  that  mathematics  constitutes  a  part  of  the  early  educa* 
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tion  in  France.  To  this  circumstance  entirely  is  to  be  ascribed  the 
greater  number  of  mathematicians  which  that  country  has  lately 
produced  than  our  own. 

Another  circumstance  wanting  in  this  country  for  the  flourishing 
of  mathematical  science  is  a  proper  encouragement  on  the  part  of 
Government.     In  some  departments  of  science  the  number  of  cul- 
tivators, or  at  least  of  amateurs^  is  so  great,  that  a  book  published 
on  them  is  pretty  certain  of  selling  at  least  sufficiently  to  defray  its 
own  expenses  ;  so  that  a  man  may  cultivate  tliese  departments,  and 
lay  his  discoveries  and  observations  on  them  before  the  world,  with- 
out much  risk  of  pecuniary  loss.    But  this  is  far  from  being  the  case 
in  mathematics.     The  number  of  readers  in  this  department  has 
always  been  so  small  that  a  mathematical  book,  unless  indeed  it  be 
a  school  book,  cannot  he  expected  to  defray  its  own  expenses  by  the 
extent  of  the  sale.     The  conseqiicnce  must  be  that  none  but  the 
rich  can  venture  to  publish  in  the  higher  department  of  mathematics. 
But  unfortunately  lew  rich  men  are  likely  to  cultivate  this  difficult 
department  of  science,  and  still  fewer  are  disposed  to  dedicate  their 
wealth  to  the  advancement  of  knowledge.     Mathematicians,  then, 
will  in  general  be  deterred  from  publishing,  and  of  course  have  but 
little  chance  of  acquiring  that  reputation  which  attends  the  success- 
ful cultivators  of  the  other  sciences.     Thus  the  great,  the  principal 
stimulus  to  exertion  is  withdrawn.     No  wonder,  therefore,  that  but 
few  labourers  venture  to  cultivate  so  rugged  and  unpromising  a  field. 
In  France,  in  Prussia,  and  in  Russia,  this  formidable  objection 
lias  been  obviated  by  the  scientific  academies  established   in  these 
countries.     In  tliem  a  certain    number  of  mathematicians  receive 
salaries,  which  leave  them  at  lil)erty  to  devote  the  whole  of  their 
time  to  their lavouiite  science;  and  the  expense  of  their  respective 
publications  is  defrayed  by  Government.     Hence  the  great  number 
of  mathematical  papers  which  fill  the  Memoirs  of  the  Paris,  Berlin, 
and  Petersbiirgh  Academies,  and  the  various  mathematical  disco- 
veries which  ado4-n  the  I8th  century.     In  England  the  Royal  So- 
ciety indeed  affords  the  means  of  publishing  valuable  mathematical 
papers  free  of  expense.     To  that  noble  institution  we  owe  all  the 
mathematics  that  still  lingers  in  Great  Britain.     But  as  the  mathe- 
maticians in  this  country  are  obliged  to  provide  for  tiiemselves  with- 
out any  assistance  from  Government,  they  are  compelled  to  devote 
the  greatest  part  of  their  time  to  the  lalx)rious  occupation  of  teach- 
ing, or  to  the  compilation  of  scliool  books,  and  little  leisure  is  left 
them  for  the  cultivation  of  the  higher  branches  of  the  science. 

I  have  some  reason  to  suspect  that  but  little  attention  is  paid  at 
Cambridge  to  the  recent  mathematical  improvements  rnade  upon 
the  Continent;  for  Ihave  met  with  some  good  mathematicians  frorn 
Cambridge  who  were  quite  unacquainted  with  these  improvements. 
At  the  same  time  I  admit  that  1  have  met  with  others  who  were 
acquainted  with  them. 

3.  The  third  department  of  knowledge  cultivated  at  Cambridge 
is  moral  and  political  philosophy,  metaphysics  and  theology.     Th# 
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text-books  employed  in  these  departments  are  Paley's  Principles  o£ 
Moral  and  Political  Philosophy,  and  Locke's  Essay.     Mv.  Walne- 
wright informs  us  that  the  writings  of  Reid,  Beattie,  and  Stewart, 
especially  of  the  last,  are  also  frequently  referred  to  by  the  tutor, 
thou<^h  their  singular  doctrine  of  common  sense  is  far  frqm  being 
admftted.  This  singular  doctrine  to  which  our  author  alludes  is  this, 
that  in  the  science  of  mind,  as  well  as  in  every  other,  there  are  cer- 
tain first  principles  or  laws  of  human  thought  which  cannot  be 
proved,  but  must  be  taken  for  granted  ;  otherwise  the  science  itself 
cannot  be  established.     One  of  these  first  principles  is,  that  the 
external  world  exists.     Dr.  Reid,  to  whom  alone  we  are  indebted 
for  this  doctrine,  gave  these  first  principles  the  name  of  common 
sense  because  they  have  been  always  admitted  by  tlie  common  sense 
of  all  mankind,  while  every  person  who  rejects  them  is  considered 
as  i  lunatic  or  madman.     Say  the  English  metaphysicians,  we  will 
rot  admit  the  existence  of  the  external  world  as  a  first  principle. 
We  cannot  indeed  prove  its  existence,  but  we  think  it  ought  to  be 
proved.     If  it  cannot,  the  doctrine  of  Berkeley  and  Hume  must  be 
allowed  to' be  sound.   For  my  own  part  I  want  no  evidence  whatever 
of  the  existence  of  an  external  world,   and  would  consider  any 
attempt  to  prove  it  as  silly  trifling.     We  are  so  constituted  that  we 
must    whether  we  will  or  nor,  give  credit  to  the  senses,  and  admit 
the  information  which  they  communicate  as  first  principles.     Such 
is  the  doctrine  of  Dr.  Reid ;  and  instead  of  being  a  singular  doc- 
trine, 1  will  venture  to  affirm  that  it  has  been  maintained  by  999 
thousandth  parts  of  all  mankind  in  every  age.    It  is  singular  enough 
that    though  I  never  met  with  any  Englishman  that  would  ^dmit 
the  'truth  of  Dr.  Reid's  principles,  I  never  found   any  one  who 
seemed  to  be  acquainted  with  these  principles,  or  to  have  perused 
the  works  of  this  acute  philosopher.     Mr.  Walnewright  shows  us 
that  at  Cambridge  this  ignorance  is  universal ;  for  he  says  that  the 
tutors  refer  especially  to  the  writings  of  Dugald  Stewart.     Now  Mr. 
Stewart  is  an  elegant  writer,  and  has  illustrated  the  philosophy  of 
Reid  in  a  very  beautiful  manner ;  but  he  has  made  very  few  addi- 
tions to  it.     In  point  of  arrangement  he  is  rather  deficient,  which 
injures  considerably  his  writings  as  a  whole.  Tutors  acquainted  with 
the  subject  would  rather  refer  to  the  original  discoverer  than  to  his 
illustrator  and  commentator. 

Besides  the  knowledge  communicated  by  the  tutors,  there  are 
likewise  lectures  on  the  following  subjects,  which  I  presume  the 
students  are  all  at  liberty  to  attend: — 
On  modern  history. 
On  the  laws  of  England. 
On  the  Roman  civil  law. 
On  experimental  philosophy. 
On  chemistry. 

On  the  application  of  chemistry  and  natural  philosophy  to  manu- 
factures, agriculture,  and  the  arts. 
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On  mineralogy. 

On  anatomy. 

On  domestic  medicine. 

On  theology. 

{Such,  then,  is  a  view  of  the  knowledge  which  may  he  acquired 
at  Cambridge :  and  every  person  will  readily  acknowledge  that  it 
is  very  considerable,  and  that  a  young  man  in  such  an  University 
may  very  well  lay  a  sufficient  foundation  for  future  eminence.  One 
advantage  must  be  still  added,  which  I  consider  as  more  important 
than  all  the  rest  put  together.  Every  student  has  free  access  to  a 
library  containing  above  a  hundred  thousand  volumes,  from  which 
he  may  borrow  ten  books  at  once,  merely  by  obtaining  a  Master  of 
Arts'  order.  This  advantage  must  give  Cambridge  a  prodigious 
superiority  over  Oxford. 

Had  1  not  already  extended  this  article  beyond  the  requisite 
length,  I  should  have  wished  to  liave  noticed  a  few  particulars 
which  have  always  struck  me  as  disadvantages  attending  the  English 
Universities,  though  it  would  scarcely  be  possible  to  remove  them, 
without  introducing  changes  which  could  not  easily  be  acceded  to. 
I  shall  barely  hint  at  one  or  two  circumstances. 

The  English  Universities  were  established  during  the  dark  ages 
when  learning  was  confined  entirely  to  the  clergy.  The  consequence 
was,  that  the  sole  object  in  view  seems  to  have  been  to  form  clergy- 
men. Hence  the  numerous  regulations  which  assimilate  these 
Universities  to  Monasteries.  A  dissenter,  I  understand,  cannot  be 
admitted  into  them.  Now  though  I  admit  th.at  the  education  of  the 
clergy  is  a  very  important  point,  yet  I  think  that  the  education  of 
the  rest  of  the  community  is  of  at  least  equal  importance.  It  is 
preposterous  to  give  all  mankind  the  same  education  exactly,  be- 
cause they  are  intended  for  different  professions ;  and  what  is  of 
first  rate  importance  to  one  man  is  of  no  use  whatever  to  another. 
Human  life  is  too  short  to  enable  every  individual  to  run  the  com- 
plete career  of  the  sciences  ;  yet  it  is  of  infinite  importance  that  a 
young  man  should  be  made  acquainted  with  the  first  principles  of 
the  profession  to  which  he  is  to  devote  himself.  The  lawyer  re- 
quires one  education,  the  physician  another,  the  clergyman  a  third. 
Where  in  England  can  a  merchant  or  manufacturer  go  to  acquire 
those  branches  of  knowledge  which  he  ought  to  possess  ? 

At  the  University  of  Edinburgh  there  are  lectures  delivered  on 
the  following  subjects,  which  I  divide  into  sets  for  the  greater  per- 
spicuity : — 

I.  General  Literature  and  Science. 


1.  Greek. 

6.  Mathematics. 

2.  Latin; 

"J.  Natural  philosophy. 

3.  Logic. 

8.  Astronomy. 

4.  Rhetoric. 

9.  Natural  history. 

5.  Moral  philosophy. 

10.  Agriculture 
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II.  Medicine. 

1.  Chemistry.  6.  Theory  of  physic. 

2.  Anatomy.  7«  Practice  of  physic. 

3.  Botany.  8.  Surgery. 

4.  Materia  medica.  9.  Clinical  surgery. 

5.  Midwifery.  10.  Medical  jurisprudence. 

III.  Laiv. 

1.  Universal  history.  3.  Civil  law. 

2.  Scots'  law.  4.  Public  law. 

IV.  Theology. 

1.  Divinity.  3.  Hebrew. 

2.  Church  history. 

Now  any  individual  that  chooses  may  attend  any  one  of  these 
classes  without  paying  attention  to  the  rest;  so  that  every  person 
has  it  in  his  power  to  select  those  subjects  that  are  most  likely  to  be 
of  service  to  him.  The  consequence  is,  that  in  Scotland  every 
country  gentleman,  every  merchant  and  manufacturer,  has  enjoyed 
the  advantage  of  a  University  education.  In  England,  on  the  con- 
trary, this  advantage  is  confined  to  a  comparatively  small  number. 
Vou  will  find  more  profound  scholars,  and  perhaps  men  of  deeper 
science,  in  England  than  in  Scotland.  But  in  the  latter  country 
every  person  has  a  little,  and  there  is  therefore  more  knowledge 
upon  the  whole.  It  would  be  a  prodigious  advantage  to  England  if 
this  eclectic  mode  of  acquiring  knowledge  were  to  be  introduced 
into  the  Universities.  But  I  am  sensible  that  as  long  as  they  are 
powerful  political  engines,  and  possessed  of  such  prodigious  patron- 
age and  power,  this  can  never  be  the  case.  Science  can  never 
thrive  where  it  is  united  to  jwlitics  :  the  union  is  unnatural,  de- 
grading, and  destructive. 

•»•  We  cannot  dismiss  this  article  «vitliout  reprobating,  in  the  strongest  terras, 
the  manner  in  which  the  Universities,  and  other  Public  Libraries,  have  availed 
themselves  of  an  Act  of  Pnrliamrnt  parsed  in  the  session  befure  last,  reviving  an 
obsolete  law,  whereby  authors  and  publishers  are  compelled  to  give  11  copies  of 
every  book,  and  of  every  new  edition  to  which  there  is  any  alieration  or  addition. 
We  forbear  to  notice  the  injustice  of  a  law  which  inflicts  a  severe  tax  on  one  set  of 
individuals  for  llie.exclusivc  advantage  of  anollier.  We  shall  merely  speak  of  the 
extent  to  which  these  ])ul)lic  bodies  avail  themselves  of  thf  power  vested  in  them; 
and  particularly  the  riclily  endowed  University  of  Cambridge,  to  whicli  more  par- 
ticularly literary  men  are  indebted  for  the  revival  of  tliis  tax.  We  are  informed 
that,  with  the  exception  of  one  or  two  of  the  libraries,  which  affect  to  omit  Novtls, 
every  book  is  demanded,  hoW'  ver  expensive,  or  useless,  or  unfit  to  be  placed  on 
the  shelves  for  which  they  arc  d  sttned.  New  editions  are  demanded,  howevef 
•mall  the  alteration  fromthe  former.  We  knowan  instance  in  which  the  11  copies 
of  a  book,  price  W.  10.<.,  were  demanded  and  received  in  April  of  the  present 
year,  and  another  11  lopies  of  a  new  edition  in  August.  There  is  every  reason 
t«  believe  tliat  the  partic^i  niio  arc  entrusted  to  make  tbft  demands  do  not  know 
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■what  books  they  order,  being  satisfied  with  returning  signed  the  very  lists  whicf> 
tlify  receive  fioia  the  cleik  of  the  Stationers' Company.  Had  the  Universities  been 
required  in  pay  a  sum  however  small,  even  a  tenth  of  the  price  of  each  bool(, 
thig  lax  upou  literature  would  have  been  exacted  with  much  less  severity. 


Article   IX, 
SCIENTIFIC  intelligknce;  and  notices  of  subjects 

CONNECTED  WITH  SCIENCE. 

I.  Lectures. 

Tlie  Lectures  on  Midwifery,  and  the  Diseases  of  Womeij  and 
Children,  at  the  Middlesex  Hospital,  by  Mr.  Merriman,  Physician 
Accoucheur  to  that  Hospital,  and  Consulting  Piiysician  Accoucheur 
to  the  Westminster  General  Dispensary,  will  recommence  on  Mon- 
day, Oct.  y. 

A  Course  of  Lectures  on  Chemistry  will  be  commenced  at  the 
Chemical  Theatre,  No.  42,  Windmill-street,  on  Tuesday,  Oct.  3, 
at  nine  o'clock  in  the  morning,  by  Wm.  T.  Brande,  F.  11.  S.  L. 
and  E.  Prof.  Chem.  R.L  &c. 

The  Winter  Courses  of  Lectures  at  the  School  of  Medicine  in 
Ireland,  on  Anatomy,  Physiology,  Pathology,  Surgery,  Chemistry, 
Materia  Medica,  Institutes,  and  Practice  of  Medicine,  will  com- 
mence on  the  6th  of  November,  at  their  respective  hours. — Anato- 
mical Demonstrations  will  commence  the  1st  of  December. 

Dr.  Gordon's  Lectures  on  Anatomy  and  Surgery  commence  at 
Edinburgh  on  Wednesday,  Oct.  25,  at  eleven  o  clock  forenoon  :  and 
his  Lectures  on  Institutions  of  Medicine,  consisting  of  Physiology, 
Pathology,  and  Therapeutics,  on  Monday,  Oct.  30,  at  one  o'clock 
afternoon.  Both  Courses  will  be  continued  till  April,  five  Lectures 
being  delivered  weekly  in  each. 

IL  Substance  sulllmed  during  the  Burning  of  London  Bricks. 

Many  of  my  readers  are  probably  aware  that  the  method  of 
turning  bricks  in  the  neighbourhood  of  London  is  different  from 
what  is  practised  in  any  other  part  of  Great  Britain,  and  probably 
of  Europe.  The  fuel  employed  is  the  ashes  or  cinders  which  fall 
from  the  common  fires  in  the  different  houses  in  London,  and  which 
are  collected  daily  by  the  dust-carts  'Jlie  greatest  part  of  this  fuel 
is  mixed  whh  the  unburnt  bricks;  the  remainder  is  strewed  between 
the  layers  of  brick.  The  kilns  are  built  so  as  to  exclude  as  much 
of  the  air  as  possible.  The  consequence  is,  that  the  combustion 
goes  on  very  slowly ;  three  months  being  frequently  requisite  to 
complete  the  burning  of  a  single  kiln.  It  is  to  this  exclusion  of  the 
air  that  the  yellow  colour  of  the  London  bricks  is  owing:  the  outer- 
most row  of  bricks  is  always  red. 
■  4'  '  ' 
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I  mentioned  in  a  preceding  volume  of  the  Annals  of  Philosophy 
that  Mr.  Trimmer  had  given  me  a  salt  which  coninjonly  sublimes 
during  the  burning  of  the  London  bricks.     This  salt  I  found  to  be 
sal-ammoniac.     The  same  Gentleman  lately  put  into  my  hands  an- 
other substance,  which  sublimes  likewise  during  the  same  process, 
though  in  much  smaller  quantity.     This  substance  is  usually  crys- 
tallized in  long  slender  needles.     It  has  the  metallic  lustre,  and  a 
bluish-white  colour;  but  is  so  delicate  in  its  texture  that  it  can 
scarcely  be  collected  without  falling  to  powder.  In  its  common  state 
this  substance  has  a  blue  colour  somewhat  resembling  that  of  watch- 
springs,  and  it  has  but  little  of  the  metallic  lustre. 
_    It  possesses  the  following  properties.   When  heated  in  nitric  acid, 
Jt  effervesces,  and  is  converted  into  a  white  powder.     Before  the 
blow-pipe  it  readily  melts;  and  if  in  a  state  of  purity,  is  speedily 
reduced  into  a  white   metallic  globule.     This  globule  is  soft  and 
malleable;  it  dissolves  with  effervescence  in  dilute  nitric  acid.    The 
solution  is  colourless;  it  crystallizes,   and  throws  down  a   white 
powder  when  mixed  with  sulphuric  acid  or  with  prussiate  of  potash. 
Ihe  globule  is  therefore  lead.     When  the  substance  in  question  is 
not  pure,  but  mixed  with  earthy  matter,  it  readilv  melts  liefore  the 
blovv-pipe  into  a  dark-coloured  glaze;  but  no  metallic  globule  of 
lead  separates  from  it,  though  the  heat  be  kept  up  a  considerable 
time  upon  charcoal.     These  facts  are  sufficient  to  demonstrate  that 
tins  substance  sublimed  during  the  burning  of  London  bricks  is 
galena,  or  sulphuret  of  lead.     Indeed,  it  has  exactly  the  appearance 
ot  the  galena  after  it  has  been  roasted. 

This  galena  must  be  derived  from  the  cinders  of  the  coals  used 
tor  burning  the  bricks.  It  is  very  common  to  observe  small  strings 
of  galena  running  through  coal  beds  ;  and  unless  I  am  misinformed, 
such  strings  have  been  frequently  observed  in  the  beds  of  Newcastle 
coal.  As  galena  is  not  volatile,  at  least  at  the  temperature  at  which 
bricks  are  burnt,  we  must  ascribe  its  sublimation  in  the  present  case 
to  the  sal-ammoniac,  which  no  doubt  carries  it  along  with  it.  This 
salt  IS  well  known  to  have  the  property  of  carrying  along  with  it 
those  metallic  bodies  with  which  it  happens  to  come  ia  contact. 

HI.  Queries  respecting  Falves,  with  a  Description  of  ihe  Falves  in. 

the  Human  Body. 

gjjj  (To  Dr.  Thomson.) 

In  this  age  of  improvement  and  discovery,  every  mite  that  is  con- 
ribu  ed  to  a  public  ournal,  if  it  is  only  to  open  the  eyes  and  aS 
any  degree  ot  stimulus  for  others  to  improve  from'  mu't  be  gene- 
ra y  considered  worth  acceptance  ;  and  it  is  princlpan'v  u'th  this 
latter  hope  that  submit  the  following  remarkfto  y^ur  /eaders. 
Mt.n  on  f  """    ^°  communicate  has  considerablv  en-a^ed  m^ 

ruling"        '''"'^ '•'"' 'r^'  «"d  I'^s  l^een  the  metfns  of  my  000^ 
Lut  u^.  T^  "T^""'  °"  hydrostatics  possiblv  within  my  command 
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sought  after,  which  consists  in  the  construction  of  a  valve  applicalile 
to  this  part  of  science,  that  must  be  in  a  great  measure  very  com- 
plete^ J  mean  those  after  the  manner  of  the  valves  of  the  human 
body.  I  believe  it  is  an  indisputable  maxim  that  the  nearer  we 
approach  to  the  mechanism  of  the  vital  frame,  and  to  the  operation 
of  nature,  in  all  of  our  endeavours,  the  nearer  we  conceive  and  find 
wc  reach  to  perfection. 

The  valves  of  the  human  body  every  anatomist  must  be  fully 
aware  are  constructed  on  an  inimitable  principle;  and  for  what  an 
infinite  space  of  time  do  we  often  behold  those  most  important  organs 
performing  their  office  uninterrupted  and  unimpaired.  I  cannot  but 
imagine  that  this  plan  must  have  been  contemplated  by  many,  and 
even  put  into  practice  ;  but  being  unable  to  discover  any  account  of 
its  being  attempted,  1  should  feel  myself  under  a  great  obligation 
to  you,  or  any  of  your  correspondents,  that  would  give  me  the 
necessary  information. 

A  few  weeks  since  I  constructed  a  temporary  model  of  a  pump  on 
the  plan  alluded  to,  by  fixing  the  valve  within  a  piece  of  large 
barometer  tube,  by  which  means  its  action  could  be  plainly  per- 
ceived :  and  as  I  conceive  many  of  your  ingenious  readers  may  not 
perfectly  comprehend  the  manner  in  which  the  valves  1  alluded  to 
are  constructed  in  the  human  body,  I  have  subjoined  a  slight  sketcli 
of  them,  and  hope  it  may  prove  sufficiently  illustrative.  It  is 
greatly  with  the  hope  that  some  more  able  mechanic  than  myself 
will  devise  a  proper  plan  for  securing  the  valve,  and  discover  those 
materials  that  will  best  answer  the  purpose,  and  erect  one  on  a  large 
and  useful  scale. 


Fig.  1. 


The  materials  of  which  the  valve  itself  must  be  composed  appears 
to  be  the  greatest  obstacle  to  their  general  employment.  I  firmly  hope 
that  this  is  within  the  reach  of  many  :  and  if  this  paper  should  be  the 
means  of  drawing  any  able  person's  attention  to  the  subject,  I  doubt 
not  but  their  laliours  would  be  deservedly  crowned  with  success. 

The  substance  I  used  was  that  of  a  bullock's  bladder,  as  being 
the  strongest  and  most  flexible  substance  capable  of  being  moulded 
to  the  proper  form,  that  I  could  then  procure  to  make  my  experi- 
ments ;  but  this  substance  we  know  is  subject  to  a  very  rapid  decay, 
especially  when  immersed  in  many  fluids. 
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Fig.  I  shows  the  valve  as  supposing  the  cylinder  to  be  slit  open 
and  laid  flat,  and  which  may  be  supposed  to  be  three  bags,  a,  b^ 
and  c,  the  latter  of  which  is  here  divided  :  one  side  of  each  bag  iS 
fixed  to  the  side  of  the  cylinder,  and  the  edges  of  each  bag  meet, 
or  are  even  allowed  to  lap  over  each  other,  to  be  certain  of  their  being 
in  contact.  The  opposite  side  of  the  bag  to  that  fixed  to  the  side  of 
the  cylinder  is  not  so  deep,  as  seen  at  d,  with  a  small  projection  or 
looseness  of  substance  in  the  centre  of  each.  Indeed,  the  three 
parts  must  be  made  a  trifle  more  than  sufficiently  large  to  fill  the 
diameter  of  the  tube,  as  it  will  thereby  be  strengthened,  and  be  more 
able  to  surround  and  inclose  any  foreign  substance  that  may  happen 
to  stop  between  it,  and  not  be  so  liable  to  be  stretched. 

Now  when  tlie  water  rises  In  the  pump  by  the  action  of  the  piston, 
which  has  another  valve  of  the  same  construction  attached  to  it,  the 
bags  of  the  lower  valve  contract  and  become  empty,  and  allow  the 
water  to  pass  freely ;  while  those  of  the  upper  valve  in  the  piston 
are  full  and  distended,  and  put  on  the  appearance  of  fig.  2,  and 
vicfi  versa.  I  proved  in  one  of  my  experiments  the  great  utility  of 
these  valves  over  those  in  general  use.  I  put  a  quantity  of  sticks, 
straws,  &c.  into  the  water,  and  observed  that  on  the  action  of  the 
piston  a  large  piece  stuck  between  the  valve,  but  it  so  completely 
inclosed  it  that  not  a  drop  could  possibly  escape.  This  happened 
several  titnes,  and  as  often  was  it  perfectly  secure. 

The  astonishing  strength  it  possessed  was  beyond  what  I  should 
have  conceived.  For  the  trial  of  this  I  inversed  the  valve  in  the 
piston ;  and  after  raising  it,  I  did  not  possess  sufficient  muscular 
power  to  burst  or  even  displace  either  of  the  valves,  though  only 
luted  to  the  sides  of  the  cylinder  by  a  strong  gum  water,  which  of 
course  became  after  a  time  dissolved. 

From  the  little  I  have  seen  of  its  operation,  I  am  persuaded  that 
its  er(  ction  on  a  large  scale,  with  proper  materials  (whether  leather 
would  answer  the  purpose  1  am  not  competent  to  decide),  would  be 
attended  with  infinite  benefit  and  utility  to  mankind. 

1  am,  Sir,  your  most  obedient, 

Jlchttn,  Sept.  I,  181.5.  M.    MotLE. 

IV.  Hegidatioyis  for  the  Examination  of  Apothecaries. 

The  Court  of  Examiners  chosen  and  appointed  by  the  Master, 
Wardens,  and  Assistants,  of  the  Society  of  Apothecaries,  of  the 
City  of  London,  in  pursuance  of  a  certain  Act  of  Parliament, 
?'  For  better  Regulating  the  Practice  of  Apothecaries  throughout 
England  and  Wales,"  passed  in  the  5.5th  year  of  the  reign  of  his 
Majesty  King  George  the  Third,  has  determined  : 

That  every  person  who  shall  be  admitted  to  an  examination  for  a 
certificate  to  practise  as  an  apothecary,  shall  be  required  to  produce 

Testimonials  of  having  served  an  apprenticeship  of  not  less  than 
five  years  to  an  apothecary  ;  of  having  attained  the  full  age  of  21 
years,  and  being  of  a  good  moral  conduct. 

u  2 
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He  is  expected  id  possess  a  competent  knowledge  of  the  Latin 
language,  and  to  produce  certificates  of  having  attended  not  less 
than 

Two  Courses  of  Lectures  on  Anatomy  and  Physiology : 

Two  Courses  of  Lectures  on  the  Theory  and  Practice  of  Medicine  j 

One  Course  of  Lectures  on  Chemistry  :  and 

One  Course  of  Lectures  on  Materia  Medica. 

A  certificate  of  attendance  for  six  months  at  least  on  the  medical 
practice  of  some  public  Hospital,  Infirmary,  or  Dispensary. 

The  Court  has  also  determined  tliat  the  examination  for  a  certifi- 
cate to  practise  as  an  ajwthecary  shall  be  as  follows  : — 

1 .  In  translating  parts  of  the  Pharmacopoeia  Londinensis,  and 
Physicians'  Prescriptions. 

2.  In  the  Theory  and  Practice  of  Medicine. 

3.  In  Pharmaceutical  Chemistry. 

4.  In  the  Materia  Medica. 

Regulations  for  the  Examination  of  yJssistants. — That  every 
person  who  shall  be  admitted  to  an  examination  for  a  certificate  to 
act  as  an  assistant  to  any  apothecary,  in  compounding  or  dispensing 
medicines,  shall  be  required  to  translate  parts  of  the  Pharmacopoeia 
Londinensis,  and  Physicians'  Prescriptions  ;  and  shall  be  examined 
as  to  his  knowledge  of  Pharmacy  and  Materia  Medica. 

Notice. — Every  j^erson  intending  to  qualify  himself  under  the 
regulations  of  tliis  Act  to  practise  as  an  apothecary,  or  to  act  as  an 
assistant,  must  give  notice  in  writing  (post  paid)  addressed  to  the 
Clerk  of  the  Society  of  Apothecaries,  Apothecaries'  Hall,  London, 
at  least  six  days  previously  to  the  day  of  examination. 

Tlie  Court  will  meet  in  the  Hall  on  Thursday  the  3d  of  August, 
at  two  o'clock  of  the  afternoon  precisely,  and  on  every  folluwing 
Thursday  at  the  same  hour. 

By  order  of  the  Court, 

London,  July  SI,  1815.  JoHN  VVatson,  Secretary, 

It  is  expressly  ordered  by  the  Court  of  Examiners  that  no  gra- 
tuity be  received  by  any  officer  from  any  person  applying  for  infor- 
mation relative  to  the  business  of  this  Court. 

V.  Extracts  from  the  Act  for  letter  Regulating  the  Practice  of 
Apothecaries  througlmit  England  and  Wales. 

That  fi!om  and  after  the  1st  day  of  August,  1815,  it  shall  not  be 
lawful  for  any  person  or  persons  (except  persons  already  in  practice 
as  such)  to  practise  as  an  apothecary  in  any  part  of  England  or 
Wales,  unless  he  or  they  shall  have  been  examined  by  the  Court  of 
Examiners,  or  the  major  part  of  them,  and  have  received  a  certifi- 
cate of  his  or  their  being  duly  qualified  to  practise  as  such  from  the 
said  Court  of  Examiners;  who  are  authorised  and  required  to 
exathine  all  person  and  persons  aj)plying  to  them,  for  the  purpose 
of  ascertaining  the  skill  and  abilities  of  such  person  or  persons  in  the 
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science  and  practice  of  medicine,  and  his  or  their  fitness  and  quali- 
fication to  practise  as  an  apothecary. 

That  fiom  and  after  the  1st  day  of  August,  1815,  it  shall  not  be 
lawful  for  any  person  or  persons  (except  the  pei-sons  then  acting  as 
assistants  to  any  apothecaries,  and  excepting  persons  who  have 
actually  served  an  apprenticeship  of  five  years  to  an  apothecary)  to 
act  as  an  assistant  to  any  apothecary,  in  compounding  or  dispensing 
medicines,  without  undergoing  an  examination  by  the  Court  of 
Examiners,  or  by  five  apothecaries,  so  to  be  appointed  as  herein- 
after is  mentioned. 

That-it  shall  and  may  be  lawful  to  appoint  five  apothecaries  in  any 
county  or  counties  respectively  throughout  England  and  Wales  (ex- 
cept within  the  said  city  of  London,  the  liberties  or  suburbs  thereof, 
or  within  :{0  miles  of  the  same,)  to  act  for  such  county  or  counties, 
or  any  other  county  or  counties  near  or  adjoining ;  and  such  five 
apothecaries  are  authorized  and  empowered  to  examine  all  assistants 
to  apothecaries  throughout  the  county  or  counties  in  regard  of  which 
such  apothecaries  shall  have  been  so  appointed  as  aforesaid. 

That  if  any  person  (except  such  as  are  then  actually  practising  as 
such)  shall,  after  the  said  1st  day  of  August,  1815,  act  or  practise  as 
an  apothecary  in  any  part  oi  England  or  Wales,  without  having 
obtained  such  certificate  as  aforesaid,  every  person  so  offending  shall 
for  every  such  offence  forfeit  and  pay  the  sum  of  20/.  ;  and  if  any 
person  (except  such  as  are  then  acting  as  such,  and  excepting  persons 
who  have  actually  served  an  apprenticeship  as  aforesaid)  shall,  after 
the  1st  day  of  August,  181.5,  act  as  an  assistant  to  any  apothecary,  to 
compound  and  dispense  medicines,  without  having  obtained  such 
certificate,  every  person  so  offending  shall  for  every  such  offence- 
forfeit  and  pay  the  sum  of  bl. 

That  no  apothecary  shall  be  allowed  to  recover  any  charges 
claimed  by  him  in  any  Court  of  Law,  unless  such  apothecary  shall 
prove  on  the  trial  that  he  was  in  practice  as  an  apothecary  prior  to, 
or  on  the  said  1st  day  of  August,  1815,  or  that  he  has  obtained  a 
certificate  to  practise  as  an  apothecary. 

That  the  said  Master,  Wardens,  and  Society  of  Apothecaries,  do 
niake  annually,  and  cause  to  be  printed,  an  exact  list  of  all  and 
every  person  who  shall  in  that  year  have  obtained  a  certificate  to 
practise  as  an  apothecary,  with  their  respective  residences  attached 
to  their  respective  names. 

VL    Further  Observations  on  Mr.   Lockhart's  Extraction  of  the 
Cube  Roots  of  Binomiah. 

(To  Dx.  Thomson.) 
SIR, 

On  examining  my  letter  of  June  16,  I  observe  that  I  have 
omitted  to  state  that  the  correction  which  is  there  pointed  out  is 
only  applicable  to  equalions  which  are  reducible  by  Cardan's  rule, 
^r.  Lockhart's  roots  being  correct  if  the  equation  belong  to  the 
irreducible  case.     In  my  letter,  instead  of  saying  "  Mr.  Lockhart 
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seems  to  have  made  a  mistake  in  one  of  the  signs  of  the  root  con- 
nected with  t :  when  corrected,  &c."  I  should  have  said,  "  Mr. 
I^ockhart  seems  to  have  made  a  mistake  in  one  of  the  signs  of  the 
root  connected  with  t,  when  the  equation  is  reducible  hj  Cardan's 
rule  :  when  corrected,  &c."     So  that  the  roots  of 


y   ^    -  V    i   -  S"  >  if  the  given  equation  x' 


—  h  X  —  c,  be 


reducible,  will  be  but  if  irreducible,  the  rpots 

will  be 


X       ,  /  x^  b 

2     •*■    V      4  3 

V  /  rP  b 


2     =^  V     4"  —      3 

t                 /~^  b 

T ± VT - T 

_r /I?  ^ 


•  You  will  perceive  that,  when  the  above  omission  is  supplied,  the 
(Observations  in  Mr.  L.'s  last  letter  lose  all  their  weight,  and  the 
(conclusions  I  have  come  to  in  my  former  letter  remain  in  full  force. 
1  am  afraid,  however,  that  I  have  not  expressed  myself  with  that 
perspicuity  which  I  ought  to  have  done,  when  pointing  out  the  part 
of  Mr.  Lockhart's  demonstration,  where  the  error  appears  to  have 
originated;  for  if  I  had  expressed  myself  properly,  Mr.  L.  must 
have  seen  that  there  was  to  be  a  distinction  between  equations  which 
are  reducible  by  Cardan's  rule,  and  those  belonging  to  the  irre- 
ducible case  :  but  that  he  did  not  perceive  it,  is  manifest  froni  the 
observations  in  his  last  letter. 

,  In  endeavouring  to  supply  the  above  defect,  1  shall  begin  by 
premising,  that  in  equations  belonging  to  the  irreducible  case,  t"  is 

always  greater  than  -,  but  less  when  the  equation  can  be  reduced 

by  Cardan's  rule.     Hence  in  irreducible  equations  the  quantity 

(i*  —  t-]  is  always  j&o«7i(i'e;  but  in  reducible  equations,  Tzegcr/zye. 

,   Mr.  L.,  in  No.  30  of  your  Annals,  has  shown  that  ^-j -^ 

2bt' 


+  J  —  ~  =  -  -  — ,  or,  which  IS  the  sa^e  thmg,  (  — 

-^  ~  "3  )  ~  X  ""  ~^'  ^°^  i"  extracting  the  square 
root  of  these  equal  quantities,  it  is  plain  that  the  roots  on  both  sides 
pf  the  equation  must  be  of  the  same  kind ;  that  is,  if  one  be  a 
positive  quantity,  the  other  must  be  positive  also;  or  if  one  be 
pegative,  the  other  must  be  negative  likewise.     Now  the  roots  are 

d=(.«_|)x±^fr^^and±v/(4-|-).      But  it 
|ias  been  noticed  before,  that  the  quantity  (^' —  ^j   is   in  itself  a 
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negative  quantity  whenever  the  equation  can  be  reduced  by  Cardan's 
rufe.     Hence,  that  the  roots  may  be  both  positive  or  both  negative, 

we  must  take  the  sign  of  {I-  —  o  )  contrary  to  the  sign  of 

I  4  /— r)  ;  so  that  the  equation  in  this  case  will  be  tp  (<^  —  -  j 

X  ±  ^  (Jl  _  ^)  =  ±  V  (^  _  ii)  :  but  if  the  equation  be- 
long to  the  irreducible  case,  the  quantity  (/*  —  -J  being  then  po- 
sitive in  itself,  both  parts  of  the  roots  on  the  left  hand  must  have 
the  same  signs.     Hence  the  equation  will  be  ±  (/*  —  -  j  x  ±  a/ 

f -j  =  ±    */  [-^ o? j  •  ^^^  ^y  proceeding  with  these  two 

equations  as  Mr.  L.  has  done  in  the  letter  alluded  to,  we  obtain 
from  the  first  of  them,  —  ^  —  W  ~i 3  = 

V  2  "*"  V/  ^I —  ^ »  *^*^  ^^™^  '^^  *''^  ^^°^  given  in  my  former 
letter;  and  from  the  second  we  get  —  o  +  \/ 1 s  ~ 

a/  2  +  \  /  "1 :pj}  the  same  with  Mr.  L.'s  root. 

Wiih  respect  to  the  two  roots  connected  with  x  and  v,  I  have 
only  to  observe,  that  they  are  obtained  in  the  very  same  manner  as 
that  connected  with  t,  only  there  is  no  ambiguity  in  the  two  quan- 
tities {x^  ""  y  )  ^"^  i^'^  ~  ?}'  ^'^^  former  being  always  a  positive, 
and  tlie  latter  a  negative,  quantity. 

Before  I  take  leave  of  this  subject,  it  may  not  be  amiss  to  observe, 
that  by  inspecting  the  formulae  for  the  cube  roots  of  the  two  ima- 
ginary quantities  ^ '-  +  sj ^  -  g-  and  i^\  -  yZ-J  -  |j 

when  the  given  equation  x'^  —  h  x  =■  c\^  irreducible,  it  is  manifest 
that  their  sum  will  always  be  a  real  quantity ;  for  the  imaginary 
parts  in  the  roots  of  the  first  of  these  quantities  are  the  very  same  as 
the  imaginary  parts  of  the  roots  belonging  to  the  second,  but  having 
contrary  signs.  It  likewise  appears  that  the  real  quantities  arising 
from  taking  their  sum  will  always  be  the  three  roots  of  the  given 
cubic  equation, 

This  appears  to  me  to  be  a  more  direct  and  satisfactory  demon- 
stration, that  Cardan's  theorem,  though  apparently  an  imaginary 
quantity,  exhibits  truly  the  roots  of  equations  belonging  to  the  irre- 
ducible case,  than  the  one  generally  had  recourse  to,  viz.  to  expand 
each  part  of  the  root  in  an  infinite  series  by  means  of  the  binomial 
theorem. 

it  likewise  appears  from  these  formulae  that  whenever  any  one  of 
the  roots  of  a  cubic  equation  admits  of  a  finite  value,  tiie  two  parts 
til  Cardan's  theorem  are  both  perfect  cubes. 
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I  flatter  myself  that  your  Correspondent  Mr,  L.  will  now  perceive 
that  he  was  rather  too  hasty  in  concluding  that  "  all  numbers  have 
four  imaginary  cube  roots."  And  further,  as  it  appears  that  it  was 
not  impossible  or  imaginary  quantities  whicii  led  "  to  such  diiference 
of  sentiment"  in  this  case,  Mr.  L.  will  7wt  now  perhaps  think  it 
^'  wise  to  abandon  them  altogether,"  particularly  as  it  is  known  that 
in  some  cases  they  lead  very  readily  to  results  which  are  very  trouble-r 
some  to  obtain  by  any  other  method  yet  discovered. 

I  am.  Sir,  your  obedient  servant, 

Newcastle,  Jug.  12,  1815.  H.    AxKINSON. 

P.  S.  In  my  letter  of  June  16,  p.  73,  line  6  from  the  top,  for 

\/^2-  \/t  -  ^  ^^^^  \/l  +  \/t  -  ^'  ^"'^  l^n^  I'* 
from  the  top,  for  ^  36  ±  -«/"  784  =  -^  64  -^  8,  read 
^  36  ±  V   784  =  i^  64  or  t'  S. 

VII.   Test  of  Iodine. 

Stromeyer  has  announced  that  starch  is  so  delicate  a  test  of  iodine 
when  in  an  uncornbined  state,  that  it  assumes  a  perceptible  blue 
tinge  when  no  more  than  ^.^^'g^-g-th  part  of  iodine  is  present  in  the 
liquid  examined.  I  have  not  tried  this  test  myself ;  but  suppose 
that  in  most  cases  it  will  be  requisite  to  add  an  acid  to  the  liquid  in 
order  to  disengage  the  iodine  from  its  combination.  The  blue  com- 
pound of  iodine  and  starch  was  first  made  known  to  chemists  by 
MM.  Colin  and  Gaultier  de  Claubry. 

VIII,  Hapid  Inler course  throvgh  Great  Britain. 

The  rapid  Intercourse  which  at  present  exists  between  every  part 
of  Great  Britain  and  the  capital  must  have  struck  every  person  whp 
has  travelled  through  this  country.  We  meet  with  no  marked  dis- 
tinctions in  the  dress  or  manners  of  the  different  provinces.  The 
fashions  in  the  most  remote  parts  of  the  country  are  quite  the  same 
as  in  London.  This  rapid  intercourse  began  during  the  seven  years, 
war  when  Britain  first  became  a  great  commercial  country,  and  it 
has  been  increasing  ever  since.  It  is  owing  in  a  great  measure  to 
the  goodness  of  the  roads,  whicii  have  been  made  over  the  whole  of 
Great  Britain,  and  to  the  navigable  canals,  which  have  in  some 
measure  united  the  most  distant  manufacturing  towns  with  each 
pther  and  with  the  capital.  Before  the  year  1760,  the  inland  towns 
of  Great  Britain,  such  as  Manchester,  Leeds,  Halifax,  &c.  chiefly 
carried  on  tb.eir  business  througli  the  medium  of  travellir)g  pedlars, 
and  afterwards  on  pack-horses.  The  journey  in  this  manner  from 
Manchester  to  London  occupied  a  fortnight ;  and  it  was  not  unusual 
for  a  trader  going  for  the  first  time  on  this  expedition  to  take  the 
precaution  of  making  his  will.  At  present  the  stage  coaches  perfornj 
the  journey  in  about  a  day  and  an  half. 

In  the  year  17-5  there  was  not  a  cart  in  the  whole  county  of  Mid 
Ijothian.    The  farmers  in  thp  peighbourhood  of  Palkejtii  carried 
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out  the  stable  manure  from  Edinburgh  on  the  backs  of  horses ;  and 
a  journey  from  Dalkeith  to  Edinburgh  (six  miles)  for  this  manure, 
and  back  again  with  the  load,  occupied  a  whole  day.     1  myself  re- 
member when  the  vessels  trading  between  Le'th  and  London  took  up 
two  months  in  the  voyage,  and  they  were  constantly  laid  up  during 
the  winter.     At  present  an  average  passage  is  less  than  a  week,  and 
they  sail  regularly  twice  every  week  all  the  year  round.     For  this 
very  great  improvement  in  the  coasting  trade,  we  are  indebted  to 
the  inhabitants  of    Berwick-upon-Tweed.     They   first  employed 
smacks,  and  were  thus  enabled  to  perform  their  voyage  in  a  short 
space  of  time.     The  consequence  was,  that  almost  the  whole  carry- 
ing trade  between  Edinburgh  and  London  fell  into  their  hands  ;  and 
about  50  waggons  were  constantly  employed  in  carrying  the  goods 
between  Berwick  and  Edinburgh.     The  proprietors  of  the  Berwick 
smacks,  in  order  to  save  tlie  expense  of  this  land  carriage,  made 
their  vessels  sail  directly  from  London  to  Leith,  and  from  Leith  to 
London.  This  continued  for  several  years ;  till  at  last  the  inhabitants 
of  Leith  and  Edinburgh  built  smacks  of  their  own,  and  drove  the 
Berwickers  out  of  the  trade. 

IX.  Description  of  the  IVbaps :  and  Olservaiions  on  the  Size  of 

the  Whale. 

(To  Dr.  ThomBon.) 
SIR,  Whitby,  Aug.  17,  1815. 

Your  publication  being  peculiarly  adapted  for  the  dissemination 
of  facts  which  are  not  of  sufficient  importance  to  be  expanded  into 
ji  distinct  volume,  I  beg  leave  to  present  to  you  the  following,  which, 
if  new,  you  will  oblige  me  by  inserting  in  the  Annals  of  Philo- 
sophy. 

There  is  a  phenomenon  familiar  to  the  fishermen  of  the  east  coast 
of  England,  resembling  a  distant  cannonading,  which  I  do  not  x&- 
coUect  of  ever  seeing  noticed  in  any  scientific  work.     It  consists  of 
distinct  reports,   like  those  of  guns,  which  sometimes  are  heard 
singly,  or  at  distant  intervals ;  at  others  they  follow  each  other  sq 
regularly  and  closely  as  to  resemble  a  ship  saluting.     It  cannot  be 
distinguished  from  distant  cannon,  but  that  it  often  occurs  when  no 
vessel  whatever  is  within  sight,  though  the  horizon  be  perfectly 
clear.     It  is  most  commonly  heard  by  the  crews  of  the  farm  boats 
or  cobbles,  when  anchored  upon  the  Doggerbank,  or  other  situations 
at  a  distance  from  the  shore.  It  is  never  observed  but  in  the  summer 
season  :  it  then  occurs  most  frequently  in  cloudy  weather,  and  about 
the  time  of   sun-rising.     It  is  not  attended  by  any  light,  flash, 
<moke,  or   other  visi!)le  consequences.       It  is  occasionally   heard 
from  the  shore,  but  by  no  means  so  frequently  as  at  sea.     The  phe- 
nomenon is  probably  electrical.     Our  Yorkshire  fishermen  attribute 
it  to  foul  air,  and  distinguish  it  by  the  name  of  woops  or  ivhops. 

I  consider  it  my  duty  at  this  opportunity  to  offer  a  few  remarks 
upon  the  size  of  the  whale,  in  reference  to  some  observations  pub- 
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lishcd  m  No.  31  of  the  Annals.  There  is  doubtless  no  branch  of 
zoology  so  much  involved  as  that  which  is  now  entitled  Cetology. 
To  the  world  at  large  several  genera  of  this  class  of  animals  bear  the 
general  name  of  whales  :  and  from  the  circumstance  of  many  of  the 
species  being  rarely,  if  ever,  caught,  they  are  in  a  great  measure 
unknown.  Thus  it  is  that  the  mysticetus  physalis,  and  musculus, 
of  J^innaeus,  are  generally  confounded.  The  first  is  probably  the 
most  bulky  animal  of  tl)e  creation,  but  the  second  is  undoubtedly 
the  longest.  The  balfena  physalis,  or  razor-hack  of  the  whale- 
fishcrs,  is  often  seen  apparently  of  the  length  of  a  ship  •,  that  is, 
from  90  to  UO  feet:  and  of  this  species,  most  probably,  was  the 
skeleton  alluded  to  by  Capt.  Clarke.  From  the  quantity  of  mysti- 
ceti  which  1  have  seen  caught,  and  the  immense  number  which  I 
have  seen  at  liberty  in  the  Greenlafid  seas,  I  feel  the  greatest  confi- 
dence in  asserting  that  the  northern  whale  fishery  has  not  afforded, 
during  the  last  15  years  at  least,  a  single  individual  of  the  species 
of  the  length  of  80  feet. 

1  am,  Sir,  your  humble  obedient  servant, 

William  Scorbsby,  jun. 

X.  On  Spring  Carriages. 

(To  Dr.  Thomson.) 
SIR,  Edgeworthstotcn. 

In  your  Annals  of  Philosopluj,  No.  32,  for  August,  I8I5,  there 
is  an  account  of  some  experiments  which  were  shown  by  me  before 
a  Committee  of  the  Dublin  Society,  on  the  22d  of  last  April. 

I  beg  that  you  will  have  the  goodness  to  notice  at  your  leisure  a 
mistake  which  occurred  in  that  Report.  In  the  experiment  No.  1, 
tried  with  two  furniture  carts  that  were  sustained  on  grasshopper 
springs,  the  result  is  stated  to  be  in  favour  of  the  spring  carriage, 
viz.  as  one-fourth  of  the  weiglit  that  was  laid  upon  it.  Tiiis  state- 
ment was  inacctirate,  because  the  experiments  were  exhibited  before 
500  spectators,  whose  remarks  and  inquiries  prevented  a  minute 
attention  to  the  summing  up  the  results  with  accuracy.  The  weight  of 
the  furniture  carts  was  forgotten,  which  should  have  been  included  in 
the  comparison  which  was  made  of  their  drafts.  These  experiments, 
however,  were  announced  as  the  means  of  making  a  general  im- 
pression upon  the  public  to  remove  the  mistaken  predilection  for 
high  and  short  carriages,  and  to  recommend  the  use  of  springs  for 
carriages  of  burden,  but  not  with  a  view  of  establishing  the  exact 
ratio  of  advantage  that  might  be  gained  by  different  constructions  of 
carriages. 

The  Dublin  Society  had  most  handsomely  appropriated  100/.  for 
trying,  before  the  Committee  of  Natural  Philosophy,  experiments 
upon  wheel  carriages  under  my  conduct.  }  have  ever  since  that 
time  been  employed  unremittingly  in  preparing  a  set  of  accurate 
experiments  to  be  submitted  to  them,  when  1  have  satisfied  myself 
of  their  being  worthy  their  attention.     When  they  have  been  com- 
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pleted,  the  Report  of  the  Committee  shall  be  transmitted  to  your 
Journal. 

I  am,  Sir,  your  obedient  servant, 

Richard  Lovell  Edgewoiith. 

XI.  On  Curlojicite  of  Bismuth. 

(To  Dr.  Thomson.) 
SIR, 

I  observe  in  the  last  number  of  your  Annals  a  notice  relating  to 
the  discovery  of  the  carbonate  of  bismuth  in  Cornwdl.  I  am  in- 
duced to  trouble  you  with  a  few  words  upon  the  sul)ject,  because  I 
find  it  mentioned  nearly  six  years  ago,  and  some  particulars  relative 
to  it,  with  a  coloured  engraving,  given  in  a  work  which,  notvvith^ 
standing  its  general  utility,  and  the  encouragement  it  has  met  with, 
has  perhaps  in  scarcely  any  instance  been  cited  by  mineraiogical 
writers  :  I  mean  Sowerby's  British  Mineralogy,  containing  coloured 
engravings  of  the  minerals  of  Great  Britain,  accompanied  by  de- 
scriptions and  remarks.  From  the  account  given  of  the  substance 
in  question  in  that  work,*  it  appears  to  have  been  detected  by  the 
Rev.  W.  Gregor,  and  that  it  was  brought  from  St.  Agnes,  It  is  a 
white  earthy  substance,  rather  harsh  to  the  touch,  with  scarcely  any 
lustre  ;  and  the  specimen  sent  to  Mr.  Sowerby  was  considered  by 
Mr.  Gregor,  from  his  chemical  examination  of  it,  to  be  mixed  with 
oxide  of  iron  and  stony  matter.  The  following  passage,  taken  from. 
Sowerby's  account,  will  serve  as  a  reason  that  this  substance  should 
have  escaped  detection  before  the  latter  part  of  the  year  1809,  the 
period  at  which  the  specimen  was  forwarded  to  Mr.  S.  "  We  think 
it  of  much  consequence  to  figure  such  a  substance  as  the  present ; 
for  by  remembering  the  figure  we  sliall  not  too  hastily  pass  over 
things  which  at  first  have  common  appearances,  but  examine  them 
with  attention,  which  will  habituate  the  judgment  to  the  easy  discri- 
mination of  obscure  characters,  and  teach  us  to  suspect  what  is  not 
quite  usual,  and  therefore  to  examine  it,  if  necessary,  by  means  of 
chemical  agents." 

Sept:  9,  1815.  G.  B. 

XII.  T'al'le  Mountain  at  the  Cape  of  Good  Hope.  ' 

From  a  description  of  this  mountain  by  Capt.  Hall,  published  in 
the  last  volume  of  the  Edinburgh  Transactions,  it  appears  that  the 
lower  part  of  it  is  composed  of  granite,  that  the  granite  at  the 
l)0(tom  is  covered  with  clay-slate,  and  that  veins  of  granite  pass 
through  this  slate.  The  summit  of  the  mountain  consists  of  red 
jand-stone. 

*  Vol.  ir.  i>.  77,  pi,  344,  published  Dec,  1,  1809. 
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Article  X. 

List  of  Patents. 

John  Lingford,  Woburn-place,  London  ;  for  his  anatomical 
self-regulating  truss,  consisting  of  a  three  quarter  or  circular  spring, 
with  an  angular  moveable  joint  and  end  piece,  with  joint  and  addi- 
tional spring,  to  act  occasionally  with  a  moveable  pad  of  various 
shapes,  agreeable  to  the  form  of  the  afflicted  part  of  the  body,  and 
witii  elastic  spring  covering.     June  1,   1815. 

Bknjamin  Stevens,  No.  42,  Judd-street,  St.  Pancras,  London; 
for  his  improved  method  of  making  marine  and  domestic  hard  and 
soft  soap.     June  3,  1815. 

Richard  Trevithick,  Camborne,  Cornwall,  Esq. ;  for  certain 
iniprovements  on  tlie  high  pressure  of  steam-engines,  and  the  ap- 
plication thereof,  with  or  without  other  machinery,  to  useful  pur- 
poses.    June  6",  1815 

Jui>iKN  JoRETT,  WcUs-street,  sweep-washer ;  John  Postel, 
Great  Suffolk-street,  Charing  Cross ;  and  Lewis  Contesse,  Bate- 
man-buildings,  London,  jeweller ;  (in  consequence  of  a  communi- 
cation to  them  by  a  foreigner  residing  abroad)  for  a  method  of  ex- 
tracting gold  and  silver  from  the  cinders  of  gold  refiners  and  other 
substances,  by  means  of  certain  curious  machinery.     June  8,  1815, 

John  Taylor,  of  Stratford,  Essex,  manufacturing  chemist ;  for 
a  mode  or  means  of  producing  gas  to  be  used  for  the  purpose  of 
affording  light.     June  11,  1815. 

Charles  Whitlow,  New  York  Coffee-house,  Sweetings  Alley, 
London,  botanist ;  for  working  or  making  of  certain  manufactures 
from  certain  plants  of  the  genus  urtica  and  asclipius,  growing  in 
North  America,  and  not  heretofore  used  in  this  realm,  whereby  the 
fabrics  or  products  usually  had,  made,  or  obtained,  from  hemp,  flax, 
cotton,  silk,  and  other  fibrous  materials,  or  the  seeds  or  the  parts 
thereof,  may  be  beneficially  had,  made,  or  obtained.  June  14, 
1815. 

Robert  Brown,  Burnham  Westgatc,  Norfolk,  ironfounder;  for 
certain  improvements  upon  the  swing  of  wheel  ploughs,  plough 
carriages,  and  plough  shares.     June  14,  1815. 

James  Gardner,  Banbury,  Oxford,  machine  maker  ;  for  im- 
provements on  a  machine  for  cutting  hay  and  straw.  June  14,  1815, 

William  Pope,  St.  Augustin's  place,  Bristol,  perfumer;  for 
certain  improvements  in  or  on  wheeled  carriages,  and  also  the 
method  or  methods  of  making  the  said  carriages  go  with  or  with-» 
out  the  assistance  of  animals,  which  method  or  methods  may  be 
applied  to  other  purposes.     June  14,  1815. 

Grace  Elizabeth  Service,  Arnold-place,  Newington,  Lon- 
don, spinster;  for  her  new  methods  of  manufacturing  straw  with 
gauze,  net,  web,  and  other  similar  articles,  for  the  purpose  of  making 
into  hats,  bonnets,  work-boxes,  work-bags,  toilet-bo.xes,  and  other 
articles.     June  17?  1815. 
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Article    XL 

Scientific  Books  in  hand,  or  in  the  Press.     — 

A  New  Edition  of  Dr.  Wells's  Essay  on  Dew  is-  in  the  Press,  and 
will  appear  in  October.  ^  ■  -  _      .       ^. 

Mr.  iJowerby  has  announced  his  intention  to  sell  separately  Coloui*ed 
Prints  of  such  British  Plants  as  ai'e  intfoduced  into  the  last  Edition  of 
the  Materia  Medica.  A  great  part  of  the  plants  recommended  in  the 
Materia  Medica  of  the  last  edition  of  the  Pharmacopoeia  Londinensis 
are  indigenous  to  Great  Britain,  and  are  described  in  Sir  J.  E.  Smith's 
Flora  britannica,  and  figured  in  English  Botany.  Many  of  these  by 
experience  ai'e  understood  to  supersede  the  use  of  some  of  the  Foreign 
ones,  the  identity  of  which  must  be  certainly  more  dubious.  The 
Koyal  College  of  Physicians  have  very  commendably  decided  upon  the 
propriety  of  medical  practitioners  having  a  sufficient  knowledge  of 
Botany  to  distinguish  those  plants  which  are  more  particularly  useful  iu 
medicine :  wherefore  it  has  Jjeeti  thought  desirable  by  some  to  procure 
8uch  figures  of  medical  plants  as  are  pubhshed  in  English  Botany  ;  and 
Mr.  Sowerby  considers  it  his  public  duty  to  say,  that  he  will  furnish  to 
those  professional  persons  who  desire  it,  plates  only  of  the  54;  inedical 
plants  figured  in  English  Botany. 

Mr.  Anderson,  of  West  Smithfield,  has  announced  a  Catalogue  of  an 
extensive  Collection  of  Book's  in  Anatomy,  Surgery,  Medicine,  Mid- 
wifery, Chemistry,  &c.  New  and  Second  Hand,  including  a  valuable 
assortment  of  Medical  W'orks  recently  imported  from  the  Continent. 
To  which  is  added  a  List  of  the  Lectures  delivered  in  London,  with 
their  terms,  hours  of  attendance,  &c. 

Mr.  Hanson,  of  Manchester,  v.ill  shortly  publish  a  Folio  Chart,  en- 
titled. The  Meteorologist's  Assistant,  accompanied  with  a  Card,  ex- 
planatory of  the  Mode  of  Notation.  The  chart  will  serve  for  any  year 
and  place  required  :  but  the  principal  object  of  it  is  to  bring  into  one 
view  a  year's  observations  of  the  weather,  by  means  of  curves  and  cha- 
racters. Of  course  it  will  facilitate  a  con^arison  of  cotemporary 
notations  of  remote  places. 

Mrr  Crowe,  Surgeon  in  the  Royal  Navy,  will  publish  in  a  few  days 
a  Chemical  Table,  exhibiting  an  elementary  view  of  Chemistry,  in^ 
tended  for  the  use  of  Students  and  young  Practitioners  in  Physic,  also 
to  revive  the  Memory  of  more  experienced  Persons,  being  very  con- 
venient for  hanging  in  Public  and  Private  Libraries. 

Mr.  Carpue's  Work  on  the  Nasal  Operation,  witli  Plates,  will  appear 
in  a  i'ew  days. 

During  the  ensuing  month  will  be  published  the  Ninth  Volume  of 
General  Zoology,  being  a  continuation  of  the  Birds,  by  L  Stephens, 
E^q.  who  will  finish  the  history  of  that  chvss.  The  Mollusca  will  be 
written  by  Dr.  Blainville,  of  Paris,  who  has  devoted  a  considerable 
portion  of  his  time  to  the  study  of  that  interesting  type  of  animals  :  and 
ihe  Crustacea  hy  Dr.  Leach,  who  is  now  gone  to  Paris  for  the  purpose 
of  obtaining  a  more  perfect  knowledge  of  the  species  Thus  the  com» 
pletion  of  this  interesting  work,  commenced,  and  carried  as  far  as  the 
eighth  volume,  by  the  late  liir.  Shaw,  may  be  speedily  expected.  " 
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Article  XII. 
METEOROLOGICAL  TABLE. 
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Barometer. 

Thermometer. 

Ffycr.  at 

1815. 

Wind. 

Max. 

Mill. 

Med. 

Max. 

Mill. 

Med. 

9  a.m. 

Ruin. 

1 
8th  Mo. 

Aug.  1 1  N  w!29-44 

29-35  29  395 

69 

44 

56-5 

50 

C 

12  N  W;29-6S 

29'++  29  560 

67 

50 

58-5 

50 

I3:S    W29-93 

29-6\s  29-805 

71 

49 

60-0 

50 

14  S    Wi29-94 

299329-933 

78 

59 

68-5 

47 

7 

15  S    W|29-94 

29-6429-790 

75 

09 

67-0 

48 

2 

l6N  W 

29'77 

2951  29-640 

78 

50 

64-0 

49 

-33 

17 

29  89 

29-87129'SSO 

70 

50 

60-0 

42 

18 

Van 

29-87 

29-6o|29-735 

72 

54 

630 

65 

•28 

19 

W 

29-77 

29-58:29-675 

()7 

45 

56-0 

49 

' 

0 

20 

N  W,29S6 

2977  29  815!  6S 

47 

575 

43 

21 

Var.  29- S6 

2970  -'9-7  >S0,  69 

49 

'590 

45 

22 

Var.  29-70 

29-58  29-640    75 

59 

67-0 

— 

23 

N  W  29-91 

29'58i29745    72 

58 

65-0 

52 

■%6 

24S    W30-02 

:9-99'30-005   79 

55 

67-0 

53 

25! s  w  29-99 

29-»929-940,  76 

63 

69-5 

46 

— 

26 

S    W 

30-00 

29-89 

29-945 

75 

50 

62-5 

53 

•16 

REMARKS. 

Eighth  Month. — 11.  Windy.  Cumtito-,trati :  and  in  the  evening  Nimbi,  with  a 
little  rarn.  12.  Mucli  wind,  with  Cunitilostra/us :  tininder  and  rain  from  S.  twice, 
p.m.  after  wiiich  more  calm.  13.  Fine:  aturli  wind,  with  Cumudis:  coloured 
Cirri,  evening.  14.  Clmidy  morning  :  temp.  71°  at  nine:  h\gr.  at  eight,  60'^  i 
Viody:  a  -mart  shower  by  night.  15.  Windy;  Cumulus  capped,  and  Cumnlo- 
atrntus :  lunar  corona  at  night,  followed  by  rain.  IG.  Fair  and  windy,  a.  m.  witii 
rlouds.  About  four,  p.  m.  at  the  precise  time  of  the  barometer's  turning  to  rise, 
came  a  very  he.ivy  shower,  with  two  claps  of  thunder.  17.  Fair:  somewhat 
windy:  large  Cumulojlrali.  IS.  Rain  till  nine  a.rn.  after  which  fair:  brilliant 
£un-5et  and  moonlight.  20.  Ciimulostralus,  low  and  stationary.  21.  Cumu!us,  willt 
Cirrus  above,  having  little  motion  :  p.  ni.  the  wind  went  to  N.  E.,  and  the  clouds 
descended,  showing  a  corona  round  the  moon.  22.  Overcast,  a.m.  with  thunder 
clouds,  tiie  wind  S.  B. :  very  heavy  sudden  show  er  before  one :  wet,  p.  m.  23.  Raio 
and  wind  early  this  morning,  with  thunder,  the  w  ind  S,  K. :  after  which  sweeping 
jhowers  from  N.  W.,  and  much  wind  by  night.  24.  Fair,  with  N.W.  wind,  and 
Cumulus:  then  S.  W.,  with  Cirrocumulus.  25.  Fine  day  ;  Cumulus,  with  Cirrus, 
Strung  breeze.    26.  A  little  rain  early  :  heavy  showers,  evening. 

RESULTS. 

Barometer  :  Greatest  height  (in  IG  days)    30*02  inches. 

Least 29-35 

Thermometer:  Greatest  height  (in  16  days)    79" 

Least 44 

Rain  (in  16 days) 1-74  inch. 

About  0"75  inch  of  rain  appears  to  have  fallen  in  the  13  days  during  which  the 
observations  have  been  interrupted.  Tlie  column  heretofore  given  to  the  results  of 
the  evaporation  guage  will  now  be  allotted  to  the  whalebone  hygrometer  of  De 
Luc,  noted  at  nine  a.m.  The  instrument  employed  was  previously  adjusted,  ta 
that  its  zero  represents  the  hygrometric  state  of  air  long  exposed  in  a  close  ve^sel 
to  quick-lime,  and  100°  that  of  air  similarly  exposed  to  water.  It  is  found  to 
range  at  present  15*  or  20'^  from  the  mean  state,  in  which  it  is  noted,  towards  the 
moist  extreme  in  the  night,  and  the  dry  in  the  day. 

T0TTENH.U1,  Ninth  Month,  18,  1&15.  L.  HOWARD. 
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METEOROLOGICAL   TABLE  [contimied). 


Barometer. 
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Ifygr.  at 
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Wind.  Max, 
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Min. 
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Rain. 

8th  Mo. 

Aug.  27 

s 

30-00 

297^ 

29-875  76  1 

54 

65-0 

65 

28 

N  W 

20-81 

29-72 

'i9-7(iS 

71 

50 

60-5 

55 

5 

29 

s    w 

29-97  29-81 

29-890 

68 

43 

55-5 

30 

ij  W 

■:i9-97 

'29-97 

29-970 

70 

51 

60-5 

47 

31 

S  W 

30-05 

2997 

30010 

72 

49 

60-5 
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29905 

60 

34 

47-0 

21 

S 

29^7 

29-69 

29-780 

49 

22 

S 

29-69 

29-57 

29-630 

71 

50 

60-5 

60 

•11 

23|N  W 

29-57 

29-50 

29  535 

59 

38 

48-5 

68 

24,S  W 

•^s-n 

29-46 

29615 

58 

37 

47-5 

72 

•26 

25 

s   w 

29  80 
30-1 J 

29-75 

29-775 

61 

43 

52-0 

29-46 

29-892 

79 

31 

57-0 

58 

-57 

The  observations  in  each  line  of  ttie  table  apply  to  a  period  of  twcnty-fouf 
ho.irs,  bes-nning  at  9  A.  M.  on  the  day  indicated  in  the  first  rolumn.  -V  d<'«h 
Hen<)i.<»,  liatUie  renult  is  included  in  Uie  next  following  observation. 
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REMARKS. 

Eighth  Month. — ^27.  Cirrus,  passing  to  Cirrocunmlus  and  Cirrosfrafus.  28.  Shower 
early  and  again  j).  ni.  29.  Lightning,  in  clouds  to  the  K.,  between  tliree  and 
four,  a.  m.  with  moonlight  westward  :  a  fair  daj ,  with  Cumulus.  Ilygr.  at  seven, 
a.m.  70°.  SO.  Much  dew:  Cumuloslratus  during  the  day.  31.  Grey  morning: 
then  lioavy  Ciimulostratus :  very  clear  night. 

Ninth  Month. — I  Misty  morning :  Cumuloslratus,  wJiicIi  gave  place  at  night  to 
the  Stratus.  S  A  little  fine  rain  early  :  various  clouds  followed,  and  some  drops, 
p,  ra. :  a  Cirroslratus  exhibited  the  prismatic  colours  at  sun-set,  and  some  elevated 
■Ci'm  remaiiifd  long  red  after  it.  4.  Cumulostratus,  after  I.irge  Cjnt;  showers  at 
evening:  rainbow:  brilliant  twilight.  .5  Strong  breeze:  in  the  evening  the  new 
moon  appeared  with  a  well  dehned  disk,  and  a  pale  phosphoric  light,  becoming 
afterwards  gold  coloured.  7.  Hoar  frost:  iiygr.  78  at  seven,  a.m.  8.  After  a 
fine  day,  nearly  calm  and  cloudless,  the  smoke  settled  over  tlie  opposite  valley, 
H'hich  was  soon  afterwards  filled  with  a  Stratus.  10.  A  veil  of  liglit  clouds,  a.m.; 
somewhat  hazy  air,  with  a  smell  of  electricity.  12.  A  Stratus.  IS.  Much  dew  j 
the  evening  livilight  of  late  has  been  generally  coloured,  and  at  times  streaked 
with  converging  shadows,  the  origin  of  which  could  not  he  traced  to  clouds  inter- 
cepting the  light.  14.  OVi'HS  only,  which  increased  during  the  day,  and  mostly 
diiappeared  in  the  night :  the  extremes  of  temp,  near  the  ground  were  83°  and 
43°  :  the  hyor.  receded  nearly  to  22°.  15.  Clear,  a.  m.  :  in  tiie  evening  Cirri,  and 
obscurity  ti)  the  W. :  after  which  Ciirostrntiis.  and  a  very  distant  flash  of  lightning 
in  the  S.AV.  16.  A  little  rain,  a.m.:  much  more  cloud  than  of  late  lias  been 
usual:  d.  Nimbus  forming   in  the  S.W.  :   in  the  evening  s'eady   rain.     17.  Large 

f 'Cirrus,  passing  to  Cirrocuinuhis :  at  sun-set  a  sheet  of  compound  Cirrostratus,  while 
ncreasin"  by  rapid  propagation  from  N.W.  towards  S.  E.  was  most  beautifully 
kindled  Up,  for  a  short  time,  with  flame  colour  and  orange  on  a  purple  ground. 
18.  Fair,  with  the  lighter  modifications.  19.  Much  wind  at  E.  N.  E.  this  morn- 
ing :  hygr.  40°  at  half-past  ten,  a.  m,  20,  Hoar  frost :  strong  breeze :  hygr.  30^ 
at  three,  p.  ni.  21.  Ci/ths,  followed  by  the  intermediate  modifications.  22.  The 
skly  filled  gmdiially  with  clouds,  both  above  and  below  :  in  the  evening  they  grew 
bltick,  but  the  rain  came  on  without  any  explosion  of  electricity  here.  A  fre- 
baJloon,  which  I  discovered  near  the  S.  W.  horizon  this  evening,  appeared  to  be 
Impelled  by  difl'erent  currents  in  rising,  Ji)ut  passed  the  zenith  going  at  a  great  rate 
and  elevation  towards  the  E,  23.  Cl6ndy  :  wind  N.W. :  then  N.  :  small  rain. 
24.  Early  overcast  with  Cirrostratus:  the  swallows  went  otf,  as  it  appears,  this 
mprnin":  afler  a  murmuring  sound  in  the  wind,  usual  before  southerly  showers,  we 
hr^  a  ddzzling  day  till  evening:  the  hygr.  did  not  recede  past  68°.  25.  A  fine 
daij  :  liygr.  went  tp  87°  in  the  night. 


ft. 


RESULTS. 

Winds  light  and  variable. 

;  Barometer:  Greates-t  height SO'll  inches; 

i  Least ., .29*46  inclics ; 

Mean  of  the  period  29"S92  inches, 

Therxnometcr  :  Greatest  height 79" 

Least 31° 

Mean  of  the  period 57'00"' 

Hygrometer,  mean  degree,  38°.     Rain,  0'iJ7  inch. 

«*  *   A  fiery  meteor  of  the  first  magnitude  was  seen  here  to  pass  from  the  N.  E. 
to  the  N.  on  the  29th  ult.  near  eight,  p.  m.  :  of  which  a  further  account  from  an 
.Hcciirate  observer  will  be  acecptable. 

'Ti>TTF.NiT,\M,  iV/n^/i  jtfonfA,  26,  1815.  L.  HOWARD. 
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Article  I. 


On  the  Relation  between  the  Specific  Gravities  of  Bodies  in  their 
Gaseous  State  and  the  IVeights  of  their  Atoms. 

J.  HE  author  of  the  following  essay  submits  it  to  the  public  with 
the  greatest  diffidence;  for  though  he  has  taken  the  utmost  pains  to 
arrive  at  the  truth,  yet  he  has  not  that  confidence  in  his  abilities  as 
an  experimentalist  as  to  induce  him  to  dictate  to  others  far  superior 
to  himself  in  chemical  acquiremerrts  and  fame.  He  trusts,  however, 
that  its  importance  will  be  seen,  and  that  some  one  will  undertake 
to  examine  it,  and  thus  verify  or  refute  its  conclusions.  If  these 
should  be  proved  erroneous,  still  new  facts  may  be  brought  to  light, 
or  old  ones  better  established,  by  the  investigation  ;  but  if  thev 
should  be  verified,  a  new  and  interesting  light  will  be  thrown  upon 
the  whole  science  of  chemistry. 

It  will  perhaps  be  necessary  to  premise  that  the  observations 
about  to  be  oHered  are  chiefly  founded  on  the  doctrine  of  volumes 
as  first  generalized  by  M.  Gay-Lussac ;  and  which,  as  far  as  the 
author  is  aware  at  least,  is  now  universally  admitted  by  chemists. 

On  the  Specific  Gravities  of  the  Elementary  Gases. 

1 .  Oxygen  and  Azote. — Chemists  do  not  appear  to  have  consi- 
dered atmospheric  air  in  the  light  of  a  compound  formed  upon 
chemical  principles,  or  at  least  little  stress  has  been  laid  upon  this 
circumstance.  It  has,  however,  been  long  known  to  be  constituted 
by  bulk  of  four  volumes  of  azote  and  one  volume  of  oxygen  ;  and 
if  we  consider  the  atom  of  oxygen  as  10,  and  the  atom  of  azote  ae 
l?'^,  it  will  be  found  by  weight  to  consist  of  one  atom  of  oxygea 
and  two  atoms  of  azote,  or  per  cent,  of 
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Oxygen 22*22 

Azote    77*77 

Hence,  then,  it  must  be  considered  in  the  light  of  a  pure  che- 
mical compound  ;  and  indeed  nothing  but  this  supposition  will 
account  for  its  uniformity  all  over  the  world,  as  demonstrated  by 
numerous  experiments.  From  these  data  the  specific  gravities  of 
oxygen  and  azote  (atmospheric  air  being  I'OOO)  will  be  found  tj  be,"* 

Oxygen ..   Mill 

Azote •^722 

2.  Hydrogen. — The  specific  gravity  of  hydrogen,  on  account  of 
its  great  levity,  and  the  obstinacy  with  which  it  retains  water,  has 
always  been  considered  as  the'  most  difficult  to  take  of  any  other 
gas.  These  obstacles  made  me  (to  speak  in  the  first  person)  despair 
of  arriving  at  a  more  just  conclusion  than  had  been  before  ol^tained 
by  the  usual  process  of  weighing ;  and  it  occurred  to  me  that  its 
specific  gravity  might  be  much  more  accurately  obtained  by  calcu- 
lation from  the  specific  gravity  of  a  denser  compound  into  which  it 
entered  in  a  known  proportion.  Ammoniacal  gas  apiieared  to  be  the 
best  suited  to  my  purpose,  as  its  specific  gravity  had  been  taken 
with  great  care  by  Sir  H.  Davy,  and  the  chance  of  error  had  been 
much  diminished  from  the  slight  difference  between  its  sp.  gr.  and 
that  of  steam.  Moreover,  Biot  and  Arrago  had  obtained  almost 
precisely  the  same  result  as  Sir  H.  Davy.  Thesp.  gr.  of  ammonia, 
according  to  Sir  H.  Davy,  is  -SyOKM,  atmospheric  air  being  I'OOO. 
We  shall  consider  it  as  -5902 ;  and  this  we  are  authorized  in  doing, 
as  Biot  and  Arrago  state  it  somewhat  higher  than  Sir  H.  Davy. 
Now  ammonia  consists  of  three  volumes  of  hydrogen  and  one  volume 
of  azote  condensed  into  two  volumes.  Hence  the  sp.  gr.  of  hydrogen 
will  be  found  to  be  •0(>94,t  atmospheric  air  being  1-0000.  It  will 
be  also  observed  that  the  sp.  gr.  of  oxygen  as  obtained  above  is  just 
16  times  that  of  hydrogen  as  now  ascertained,  and  the  sp.  gr.  of 
azote  just  14  times.  | 

3.  Cldonne. — The  specific  gravity  of  muriatic  acid,  according 
to  Sir  H.  Davy's  experiments,  which  coincide  exactly  with  those  of 

*   Let  X  —  sp.  dr.  of  oxygen.    22"29  =  a 

y  =  sp.  gr.  of  azote.        77  •17  =  l> 

„        i-  +  4  u 

Then =  1. 

o 

And  X  :  ^  y  ::  a  :  h. 

4  n  y  , 

Hence  5  —  4  j/  =  — - — 

And  V  =^—^ =  -972?.     And*  =  6  -4^  =  Mllll, 

"        4  «  +  4  6 

+   Let  X  =  sp.  cr,  of  hydrogen. 

Then  liLlJ^  =  .5902. 
2 
1-1804  -  -9722 
Hence  x  = "=  "0694. 

%   1-1 11 II   -r  0694  =16.     And -9722  -r -0694  =1  14, 
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Biot  and  Arrago,  is  Vl'JS.  Now  if  we  suppose  this  sp.  gr.  to  be 
erroneous  in  the  same  proportion  that  we  found  the  sp.  gr.  of 
oxygen  and  azote  to  be  above,  (which,  though  not  rigidly  accurate, 
may  yet  be  fairly  done,  since  the  experiments  were  conducted  in  a 
similar  manner),  the  sp.  gr.  of  this  gas  will  come  out  about  1  '2845 ;  * 
and  since  it  is  a  compound  of  one  volume  chlorine  and  one  volume 
hydrogen,  the  specific  gravity  of  chlorine  will  be  found  by  calcula- 
tion to  be  2*5. t  Dr.  Thomson  states,  that  he  has  found  2*483  to 
be  near  the  truth,  X  a"d  Gay-Lussac  almost  coincides  with  him.  § 
Hence  there  is  every  reason  for  concluding  that  the  sp.  gr.  of  chlo- 
rine does  not  ditfer  much  from  2'5.  On  this  supposition,  the  sp. 
gr.  of  chlorine  will  be  found  exactly  36  times  that  of  hydrogen. 

On  the  Specific  Gravities  of  Elementary  Substances  ifi  a  Gaseous 
Slate  that  do  not  at  ordinary  Temperatures  exist  in  that  State. 

1.  Iodine. — I  had  some  reason  to  suspect  that  M.  Gay-Lussac  had 
in  his  excellent  memoir  rated  the  weight  of  an  atom  of  this  sub- 
stance somewhat  too  high  ;  and  in  order  to  prove  this  50  grains  of 
iodine,  which  had  been  distilled  from  lime,  were  digested  with  30grs. 
of  very  pure  lamellated  zinc.  The  solution  formed  was  transparent 
and  colourless  :  and  it  was  found  that  li'-y  grains  of  zinc  had  been 
dissolved.  100  parts  of  iodine,  therefore,  according  to  this  experi- 
ment, will  combine  with  25-8  parts  of  zinc,  and  the  weight  of  an 
atom  of  iodine  will  be  155,|[  zinc  being  supposed  to  be  40.  From 
these  data,  the  sp.  gr.  of  iodine  in  a  state  of  gas  will  l)e  found  by 
calculation  to  be  S'61 11 1 1,  or  exactly  124  times  that  of  hydrogen.** 

2.  Carbon. — I  assume  the  weight  of  an  atom  of  carbon  at  7'5. 
Hence  the  sp.  gr.  of  a  volume  of  "it  in  a  state  of  gas  will  l)e  found 
by  calculation  to  be  '41G6,  or  exactly  12  times  that  of  hydrogen, 

3.  Sulphur. — The  weight  of  an  atom  of  sulphur  is  20.  Hence  the 
specific  gravity  of  its  gas  is  the  same  as  that  of  oxygen,  or  1*1111, 
and  consequently  just  16  times  that  of  hydrogen. 

•  As  1-104  :  MUM  ::  1-278  :  1-S86. 

Aud  as  -969  :  -9722  ::  1-5:78  i  1-283.     The  mean  of  these  is  1-2845. 

+   Let  X  =  sp.  f;r,  of  chlurioe. 

Then  ^1.:!^  =  1-2845. 
2 

And  X  =  2-.')69  —  -0694  =  25  very  nearly. 

X  Annah  of  Philosophy,  vol.  iv,  p.  13. 

^    Dili..,  vol.  vi.  p.  126. 

Jl  As  25-8  :  100  ::  'JO  :  155.  According  to  experiment  8!h,  stated  b^'l'^w, 
the  weight  of  ;iii  ;i(oiri  sf  zinc  is  40.  Ur.  Thomson  makc:-  il  -l'j-9,  wliich  differs 
very  little.     See  Jnmih  of  fhilosopUii,  vol,  iv.   p.  94. 

♦•  One  volume  of  hydrogen  cottibiiits  with  only  half  a  volume  of  oxygen, 
biit  with  a  whole  volume  of  gaseous  iodine,  according  to  M.  Gay-Lussao.  The  latio 
in  volume,  therefore,  between  oxygen  and  iodine  is  as  J- to  1,  and  the  n<tio  in 
weight  is  as  1  to  15-5.  Now  -5555,  the  density  of  half  a  volume  of  oxygen,  niulti- 
pli.il  by  15  5,  gives  8-01111,  aud  8-61111  '^  -06944  =  124.  Or  geneially,  to 
liild  (he  sp.  gr.  of  any  substance  in  a  slate  of  gas,  wr  have  only  to  multiply  half 
•he  sp,  gr.  of  oxygen  by  the  weight  of  the  atom  of  the  substances  with  respect  to 
ttnyjcn.    See  Annals  nj  PkHotophy,  vol.  v.  p.  105, 
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4.  Phosphorus. — I  have  made  many  exj)eilments  in  order  to  ascer- 
tain the  weight  of  an  atom  of  this  substance  ;  but,  after  all,  have 
not  been  able  to  satisfy  myself,  and  want  of  leisure  will  not  permit 
me  to  pursue  the  sulycct  further  at  present.  The  results  1  have 
obtained  approached  nearly  to  those  given  by  Dr.  Wollaston,  which 
I  am  therefore  satisfied  are  correct,  or  nearly  so,  and  which  fix 
phosphorus  at  about  t7"5,  and  phosphoric  acid  at  37-5,*  and  these 
numbers  at  present  I  adopt. 

5.  Calcmm. — Dr.  Marcet  found  carbonate  of  lime  composed  of 
439  carbonic  acid  and  56-1  lime,  f  Hence  as  43-9  :  .56*1  ::  27-5 
:  35*1,  or  35  very  nearly;  and  35  —  10  =  25,  for  the  atom  of 
calcium.  The  sp.  gr.  of  a  volume  of  its  gas  will  therefore  be 
1-3S8,S,  or  exactly  20  times  that  of  hydrogen. 

G.  Sodium. — 100  grains  of  dilute  muriatic  acid  dissolved  18*6  grs, 
of  carbonate  of  lime,  and  the  same  quantity  of  the  same  dilute  acid 
dissolved  only  82  grs.  of  carbonate  of  lime,  after  there  had  been 
previously  added  30  grs.  of  a  very  pure  crystallized  subcarbonate  of 
soda.  Hence  30  grs.  of  crystallized  subcarbonate  of  soda  are  equi- 
valent to  10-1  grs.  of  carbonate  of  lime,  and  as  10-4  :  30  ::  62-5  : 
180.  Now  1 00  grs.  of  crystallized  subcarbonate  of  soda  were  found 
by  application  of  heat  to  lose  G2-5  of  water.  Hence  180  grs.  of  the 
same  salt  contain  112'5  water,  equal  to  10  atoms,  and  67*5  dry 
subcarbonate  of  soda,  and  67-5  —  27  5  =  40  for  the  atom  of  soda, 
and  40  —  10  =  30  for  the  atom  of  sodium.  Hence  a  volume  of  it 
in  a  gaseous  state  will  weigh  1*6666,  or  exactly  24  times  that  o£ 
hydrogen. 

7.  Iron. — 100  grs.  of  dilute  muriatic  acid  dissolved  as  before  IS'G 
grs.  of  carboi'ate  of  lime,  and  the  same  quantity  of,  the  same  acid 
dissolved  10-45  of  iron.  Hence  as  lS-6  :  10-45  ::  62-5  :  35-1,  or 
for  the  sake  of  analogy,  35,  the  weight  of  an  atom  of  iron.  The 
sp.  gr.  of  a  volume  of  this  metal  in  a  gaseous  state  will  be  1'9444,  or 
exactly  28  times  that  of  hydrogen. 

8.  Ziuc. — 100  grs.  of  the  same  dilute  acid  dissolved,  as  before,  ]  8*6 
of  carbonate  of  lime  and  11*85  of  zinc.  Hence  as  18*6  :  11*85  :: 
62*5  :  39*82,  the  weight  of  the  atom  of  zinc,  considered  from 
analogy  to  be  40.  Hence  the  sp.  gr.  of  a  volume  of  it  in  a  gaseous 
state  will  be  2*222,  or  exactly  32  times  that  of  hydrogen. 

9.  Potassium. — 100  grs.  of  the  same  dilute  acid  dissolved,  as  before, 
18*6  carbonate  of  lime  ;  but  after  the  addition  of  20  grs.  of  super- 
carbonate  of  potash,  only  8*7  carbonate  of  lime.  Hence  20  grs,  of 
super-carbonate  of  potash  are  equivalent  to  9*9  carbonate  of  lime  ; 
and  as  9*9  :  20  ::  62*5  :  12G-26,  the  weight  of  the  atom  of  super- 
carbonate  of  potash.     Now   126-26  —    55    +    11*25   =  60,  the 

''  Some  of  Biy  experimcDts  approached  nearrr  to  20  pliosphorus  and  40  phos- 
plioric  acid. 

+  I  quote  on  the  authority  of  Dr.  Thomson,  AnnaU  of  PhUnsr.phy.  vol.  iii. 
p.  376.  Dr.  AVollaston  makes  it  somewhat  difterent,  or  tiiai  carbonate  of  )iine 
.f.iiiiists  of  43-T  acid  and  3fi-3  lime.     Pliil.  Trans,  vol.  civ,  p.  8. 
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weight  of  the  atom  of  potash,  and  GO  —  10  =  50,  the  weight  of 
the  atom  of  potassium.  Hence  a  volume  of  it  in  a  state  of  gas  will 
weigh  2*7777'  oi"  exactly  40  times  as  much  as  hydrogen. 

10.  Bari/tiitm. — 100  grs.  of  the  same  dilute  acid  dissolved  exactly 
as  much  a/^ain  of  carbonate  of  barytes  as  of  carbonate  of  lime. 
Hence  the  weight  of  the  atom  of  carbonate  of  barytes  is  125:  and 
125  —  27"5  =  975,  the  weight  of  the  atom  of  barytes,  and  97'5 
—  10  =  87'5,  the  weight  of  the  atom  of  barytium.  Tlie  sp.  gr. 
therefore,  of  a  volume  of  its  gas  will  be  4'SGll,  or  exactly  'JO 
times  that  of  hydrogen. 

With  respect  to  the  above  experiments,  I  may  add,  that  they 
were  made  with  the  greatest  possible  attention  to  accuracy,  and 
most  of  them  were  many  times  repeated  with  almost  precisely  the 
same  results. 

The  following  tables  exhibit  a  general  view  of  the  above  results, 
and  at  the  same  time  the  proportions,  both  in  volume  and  weight, 
in  which  they  unite  with  oxygen  and  hydrogen  :  also  the  weights  of 
other  substances,  which  have  not  been  rigidly  examined,  are  here 
stated  from  analogy. 
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TABLE  IV. — Substances  stated  from  Analogy,  hit  of  which  we 

are  yet  uncertain. 


Name. 

be 

> 

c 

on 
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s' 

bo 

'Zi 

.a    . 

°    K 

T3 

C 

—  d 

a  — 

c  _= 
"Z 

is 

.  0 
1? 

Observations. 

AlumiDum    .... 

8 

8 

10 

10  68' 

1 

Berzelius. 

iMagntvium  . .. . 

12 

12 

15 

14-6» 

-2 

Henry.     Berzelius  makes 

it  lS-77. 

Chromium    .... 

IS 

18 

22-5 

23-6  3 

1 

Berzelius. 

^ 

Nickel 

28 

28 

35 

36-5  < 

4 

Dilto. 

Cobalt 

28 

28 

35 

36  6  5 

5 

Rolhofr. 

Tellurium 

32 

32 

40 

40-J7  6 

6 

Berzelius. 

Copper 

.'-2 

32 

40 

407 

7 

As  deduced  by  Dr.  Thomson. 

Struiitium 

•IS 

48 

60 

598 

8 

Klaproth, 

Arsenic 

-18 

48 

60 

609 

9 

Berzelius, 

Molvbdeiiura   . . 

48 

48 

60 

60- 13  '° 

lo 

Bucholz  and  Berzelius, 

Manganese  . . . . 

56 

56 

70 

71-15" 

11 

Berzelius, 

Tin 

60 

72 

60 

72 

75 
90 

73-5'= 
f^9■94  '3 

13 
13 

Ditto. 
J)iito. 

Bismuth     

Antimony 

88 

88 

110 

111-11  H 

.4 

Ditto.  Dr.  Thomson  mqjies 

it  112-49. 

Cerium 

92 

92 

115 

1 14-87  '5 

i5 

Ilisiiiger, 

Uranium   

96 

90 

120 

120'^ 

16 

Bucholz. 

Tungsten   

96 

96 

120 

121 '21  '7 

17 

Uerzelius. 

Platinum 

96 

96 

120 

121-66 '« 

'" 

Ditto. 

Mercury    

100 

100 

125 

125 '9 

19 

Foureroy  and  Thenard. 

Lead 

104 

I  OS 

104 
108 

130 
135 

129  ■5-° 
135" 

■20 
■21 

lierzelius. 
VVenzel  and  Davy. 
Berzelius, 

Silver 

Rhodium 

120 

120 

150 

14903  "-^ 

■2i 

Titanium 

144 

144 

180 

180-1  =3 

23 

Ditto. 

tiold   

200 

■200 

250 

249-68  '^^ 

■2i 

Ditto, 

Observations. 

Table  I. — This,  as  well  as  the  other  tables,  will  be  easily  untJer- 
stood.  In  the  fir.st  column  we  have  the  specific  gravities  of  the 
different  substances  in  a  gaseous  state,  hydrogen  being  1  :  and  if 
we  suppose  the  volume  to  be  47"-' 143.5  cubic  inches,  the  numbers 
will  at  the  same  time  represent  the  number  of  grains  which  this 
quantity  of  each  gas  will  weigh.  In  the  third  column  are  the  cor- 
rected numbers,  the  atom  of  oxygen  being  supposed,  according  to 
Dr.  Thomson,  Dr.  Woilaston,  &c.  to  be  10:  and  in  the  fourth, 
the  same,  as  obtained  by  experiment,  are  staled,  to  show  how 
nearly  they  coincide.  Of  the  individual  substances  mentioned,  I 
have  no  remark  to  make,  except  with  respect  to  iodine,  I  made  but 
one  experiment  to  ascertain  ihe  weight  of  the  atom  of  tiiis  sub- 
stance, and  tlicreforc  the  results  stated  may  be  justly  considered  as 
deserving  but  little  confidence  ;  and  indeed  this  would  be  the  case, 
did  not  all  the  experiments  of  Gay-Liissac  nearly  coincide  in  the 
sa  me. 
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Table  IT. — This  table  exhibits  many  striking;  Instances  of  the  near 
coincidence  of  theory  and  experiment.  It  will  be  seen  that  Gay- 
Lussae's  views  are  adopted,  or  rariier  indeed  anticipated,  as  a  good 
deal  of  this  table  was  drawn  up  before  1  had  an  opportunity  of  seeing 
the  latter  part  of  that  chemist's  memoir  on  iodine.  That  table  also 
exhibits  one  or  two  striking  examples  of  the  errors  that  have  arisen 
from  not  clearly  understanding  the  relation  between  the  doctrine  of 
volumes  and  of  atoms.  Thus  ammonia  has  Ijeen  stated  to  be  com- 
posed of  one  atom  of  azote  and  three  of  hydrogen,  whereas  it  is 
evidently  composed  of  one  atom  of  azote  and  only  TS  of  hydrogen, 
which  are  cfmdensed  into  two  volumes,  equal  therefore  to  one  atom; 
and  this  is  the  reason  why  this  substance,  like  some  others,  appa- 
rently combine  in  double  proportions.  * 

Table  III. — This  table  likewise  exhibits  some  striking  examples 
of  the  coincidence  above  noticed.  Indeed,  1  had  often  observed 
the  near  approach  to  round  numbers  of  many  of  the  weights  of  the 
atoms,  before  I  was  led  to  investigate  the  subject.  Dr.  Thomson 
appears  also  to  have  made  the  same  remark.  It  is  also  worthy  of 
observation,  that  the  three  magnetic  metals,  as  noticed  by  Dr. 
Thomson,  liave  the  same  weight,  which  is  exactly  double  that  of 
azote.  Substances  in  general  of  the  same  weight  appear  to  combine 
readily,  and  somewhat  resemble  one  another  in  their  nature. 

On  a  general  review  of  the  tables,  we  may  notice, 

1.  That  all  the  elementary  numbers,  hydrogen  being  considered 
as  1,  are  divisible  by  4,  except  carbon,  azote,  and  barytium,  and 
these  are  divisihle  by  2,  appearing  therefore  to  indicate  that  they  are 
modified  by  a  higher  number  than  that  of  unity  or  hydrogen.  Is 
the  other  number  16,  or  oxygen?  And  are  all  substances  com- 
pounded of  these  two  elements  ? 

2.  ""I'liat  oxygen  does  not  appear  to  enter  into  a  compound  in  the 
ratio  of  two  volumes  or  four  atoms. 

3.  That  all  the  gases,  after  having  been  dried  as  much  as  pos- 
sible, still  contain  water,  the  quantity  of  whicli,  supposing  the 
present  views  are  correct,  may  be  ascertained  with  the  greatest 
accuracy. 

Others  might  doubtless  be  mentioned  ;  but  I  submit  the  mattej 
for  the  present  to  the  consideration  of  the  chemical  world. 

•  3cc  Ga^-Lussac's  memoir  on  iodine,  Annals  of  PhilosofJiy,  yi.  189. 
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Olservations  on  the  Ahsorpt'ion  of  the  Gaaes  ly  different  Bodies. 
By  Theodore  de  Saussure. 

{^Concluded  from  p .  255.) 

Section  Second. 

simultaneous  absorption  of  different  gases  by  a  sinolk 
solid  porous  body. 

The  experiments  liitherto  made  relate  to  the  absorption  of  a 
single  gas  not  mixed  with  any  other.  I  come  now  to  the  more  in- 
tricate problem,  to  examine  whether  when  various  gases  have  been 
absorbed  by  a  porous  solid  body,  their  absorption  corresponds  with 
that  which  takes  place  when  the  gases  are  in  a  separate  state.  I 
have  made  these  experiments  two  different  ways :  J .  1  put  the  solid 
body  freed  from  air  into  a  mixture  of  two  gases.  2.  1  brought  the 
solid  body  first  in  contact  wiih  a  single  gas ;  and  when  it  was  satu- 
rated with  this  gas,  I  transferred  it  into  a  second  gas.  The  eudio- 
metrical  examination  of  the  air  remaining  behind  after  this  second 
absorption  enabled  me  to  know  the  proportion  in  which  both  gases 
had  been  absorbed. 

7.  Condcnsalion  of  mixed  Gases  hj  Charcoal. 

Messrs.  Rouppe  and  Nordcn  have  informed  us  (Ann.  de  Chim. 
t.  34)  that  when  charcoal,  saturated  at  the  common  temperature 
with  hydrogen,  is  put  into  oxygen  gas,  water  is  seen  condensing 
itself  on  the  sides  of  the  receiver  in  drops,  whereby  heat  is  disen- 
gaged, and  oxygen  gas  absorbed.  The  same  thing  takes  place, 
according  to  their  statement,  when  the  experiment  is  reversed,  by 
introducing  charcoal  saturated  with  oxygen  gas  into  hydrogen  gas. 
In  these  assertions,  which  have-never  been  contradicted,  there  is 
nothing  contrary  to  the  generally  received  opinions.  It  is  reason- 
able to  think  that  the  condensation  which  the  g.tses  experience  in 
the  charcoal  facilitate  the  union  of  their  bases.  It  is  therefore  quite 
contrary  to  my  expectation  that  I  sec  myself  obliged  to  call  in  ques- 
tion the  statement  of  these  Dutch  chemists. 

1  made  my  experiments  with  oxygen  gas,  hydrogen  gas,  azotic 
gas,  and  carbonic  acid  gas,  mixed  together  two  and  two.  For  the 
sake  of  perspicuity,  I  shall  first  state  the  geneial  results  which  I 
obtained,  and  then  enter  into  more  particular  details,  in  order  to 
show  which  of  the  gases  in  these  experiments  was  absorbed  in  the 
greatest  quantity. 

(A) — When  a  piece  of  charcoal  saturated  with  one  of  these  gases 
is  put  into  another,  it  allows  a  portion  of  the  first  gas  to  escape,  in 
order  to  absorb  into  its  pores  a  portion  of  the  second  gas. 

According  as  ihe  condensation  of  llie  gas  first  absorbed  by  the 
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charcoal  is  greater  or  smaller  than  that  of  the  gas  into  which  it  is 
put,  the  atmosphere  siirrounding  the  charcoal  is  increased  whereby 
cold  is  produced,  or  dimiiiiihcd  whereby  heat  is  disengaged.  We 
have  seen,  for  example,  that  charcoal  absorbs  much  more  carbonic 
acid  gas  than  hydrogen  gas.  When  a  piece  of  charco:il  saturated 
with  carbonic  acid  is  put  into  hydrogen  gas,  the  bulk  of  the  gas  in- 
creases very  remarkably,  and  the  charcoal  becomes  colder.  There 
is  absorbed  only  a  very  small  quantity  of  hydrogen  gas  into  the  pores 
of  the  charcoal,  while  a  far  greater  proportion  of  carbonic  acid  gas 
is  disengaged ;  and  this  small  quantity  of  hydrogen  occupies  in  the 
pores  of  the  charcoal  exactly  the  same  space  as  the  carbonic  acid 
gas  disengaged  did.  Suppose,  on  the  contrary,  that  a  piece  of 
charcoal  saturated  with  hydrogen  gas  is  put  into  a  receiver  filled 
with  carbonic  acid  gas,  the  bulk  of  the  gas  is  diminished,  and  the 
charcoal  becomes  warmer.  A  considerable  proportion  of  carbonic 
acid  gas  is  absorbed  by  the  charcoal,  while  only  a  very  small  quan- 
tity of  hydrogen  gas  is  disengaged  ;  and  the  former  occupies  exactly 
the  space  which  the  latter  left.  Oxygen  gas  (according  to  para- 
graph 1)  is  absorbed  in  greater  proportion  by  charcoal  than  hydrogen 
gas.  These  two  gases,  therefore,  exhibit  the  same  phenomena.  A 
piece  of  charcoal  saturated  with  oxygen  gas  being  put  into  iiydrogea 
lets  a  greater  proportion  of  the  former  gas  go  than  it  absorbs  of  the 
latter.  Hence  the  bulk  of  the  gas  is  increased,  and  cold  produced. 
On  the  other  hand,  when  charcoal  saturated  with  hydrogen  is  put 
into  oxygen  gas,  the  volume  of  air  is  diminished,  and  heat  pro- 
duced. In  this  way,  from  the  table  given  in  paragraph  1,  of  the 
rate  of  condensation  of  the  pure  gases  by  charcoal,  the  consequence 
may  always  be  foretold  in  every  one  of  these  experiments.  The 
absorbed  gas  in  these  cases  separates  itself  from  the  charcoal  pre- 
cisely as  it  does  from  water  impregnated  with  the  gas,  when  that 
liquid  is  placed  in  contact  with  another  species  of  gas. 

(B) — The  volume  of  gas  expelled  from  charcoal  by  another  gas 
varies  according  to  the  proportion  in  which  both  gases  exist  in  the 
unabsorbed  residue.  The  quantity  expelled  is  always  the  greater, 
the  more  there  is  an  excess  of  the  gas  wliich  produced  it.  Yet  it  is 
not  possible  in  close  vessels  to  expel  the  whole  of  one  gas  out  of 
charcoal  by  means  of  another  j  a  small  quantity  always  remains  in 
the  charcoal. 

(C) — Two  gases  united  by  absorption  in  charcoal  often  experience 
a  greater  condensation  than  each  would  in  a  separate  state.  For 
example,  the  presence  of  oxygen  gas  in  charcoal  facilitates  the  con- 
densation of  hydrogen  gas;  the  presence  of  carbonic  acid  gas,  or 
of  azotic  gas,  facilitates  the  condensation  of  oxygen  gas;  and  that 
of  hydrogen  gas,  the  condensation  of  azotic  gas.  Yet  this  efi'ect 
does  not  take  place  in  all  cases  with  the  four  gases  now  mentioned; 
for  the  presence  of  azotic  gas  in  charcoal  does  not  promote  the  ab- 
sorption of  carbonic  acid  gas. 

(D) — When  the  absorption  of  one  of  the  four  named  gases  has 
been  facilitated  by  another  of  them,  no  perceptible  combinatio« 
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between  the  two  takes  place,  at  least  within  the  interval  of  some 
days.  So,  for  example,  notwithstanding  the  assertion  of  Rouppe 
and  Norden,  no  separation  of  water  appears  when  charcoal  satu- 
rated with  hydrogen  at  the  common  temperature  is  put  into  oxygen 
gas,  or  when  the  experiment  is  reversed.  As  little  was  it  in  my 
power  in  this  way  to  unite  azotic  and  hydrogen  gases  into  ammonia, 
or  azotic  and  oxygen  gases  into  nitric  acid. 

1  shall  now  give  a  more  particular  account  of  some  of  these  expe- 
riments, which  all  gave  me  analogous  results,  diftering  from  each 
other  only  in  degree. 

Introduction  of  a  piece  of  Charcoal  saturated  with  Hydrogen  into  a 
Receiver  full  of  Oxygen  Gas. 

A  volume  of  box- wood  charcoal,  which  had  absorbed  1-75  times 
its  bulk  of  hydrogen,  was  at  the  temperature  of  52°  put  into  20*45 
times  its  bulk  of  oxygen  gas,  which  contained  -y-'-y  of  azote.  The 
charcoal  reduced  this  atmosphere  (j*5  volumes.*  A  thermometer 
brought  in  contact  with  the  charcoal,  when  the  absorption  was  at  its 
greatest  rapidity,  rose  4*4°. f  This  elevation  of  temperature  is 
smaller  than  that  which  is  produced  by  the  absorption  of  oxygen 
gas.  In  vain  did  I  endeavour  in  these  experiments,  and  in  others 
made  with  a  larger  ])iece  of  charcoal,  to  perceive  some  of  tlie  water 
which,  according  to  Rouppe  and  Norden,  ought  to  be  formed. 

The  s;as  remaining  in  the  receiver  was  no  longer  pure  oxygen  gas. 
but  contained,  when  examined  by  Vulta's  eudiometer,  a  volume  of 
hydrogen  gas.  Oxygen  gas,  at  the  ^ame  time,  had  been  absorbed 
by  the  charcoal,  and  had  driven  off  more  than  the  half  of  the 
hydrogen  formerly  contained  in  the  charcoal.  Notwithstanding  this, 
the  gas  in  the  receiver  was  diminished  6^  volumes.  Hence  the 
charcoal  had  absorbed  6\  +  \  —  "jx.  volumes  of  oxygen,  and  one 
volume  of  hydrogen  had  been  driven  off. 

It  may  be  asked  now, whether  these  ciianges  of  space  are  in  the 

♦  Tbe  chans;c  of  volume  was  ascertained  24  hours  after  the  charcoal  had  beea 
put  into  it.  The  receiver  in  which  the  absorption  took  place  was  a  wide  glas* 
lube,  not  much  lara;er  than  the  diameter  of  the  charcoal,  tbe  bulk  of  which  was 
about  2-5  cubic  centimetres  (0"152  cubic  inch  English). 

t  Rou])pe  and  Norden  have  ascribed  this  elevation  of  temperature  to  the  com- 
bination of  the  oxygen  and  tbe  hydrogen,  and  the  formation  of  water,  of  which, 
according  to  them,  a  perceptible  quantity  is  evolved.  They  did  not  perceive  that 
this  heat  was  occasioned  by  the  condensation  of  the  oxygen  gas.  Both  reason  and' 
experiment  are  against  the  possibility  of  the  water  being  visible,  even  if  it  were 
formed  ;  for  in  my  experiment?',  as  well  as  in  those  of  these  chemists,  the  charcoal 
had  absorbed  less  than  twice  its  bulk  of  hydrogen  :  now  that  at  most  could  form 
no  more  water  than  the  five-thousandth  part  of  the  weight  of  the  charcoal.  But 
experiment  informs  us  that  a  well  dried  charcoal,  like  that  which  I  employed  in 
my  experiments,  can  ivbsorb  more  than  the  tenth  part  of  its  weight  of  water,  and 
yet  remain  dry,  and  allow  no  perceptible  portion  of  that  liquid  to  escape,  at  the 
temperature  of  122°  or  140">.  Besides,  I  obtained  the  same  result  when  I  operated 
upon  pieces  of  charcoal  ten  or  twelve  times  larger.  The  heat  was  indeed  some- 
what greater  ;  but  always  less  than  what  was  generated  by  the  absorption  of 
•xygen  alone  by  the  same  piece  of  charcoal. 
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same  proportion  in  which  the  bulks  stand,  which  the  single  gases 
occupy  in  the  charcoal  ?  According  to  paragraph  1,  one  volume  of 
lK)x-\vood  charcoal  freed  from  air  absorbs  9-2  vulumcs  of  oxygen 
and  1*75  of  hydrogen  gases.  According  to  these  jiroportions,  7 '5 
volumes  of  oxygen  ought  to  have  expelled  1  -42  volumes  of  hydrogen. 
But  as  the  quantity  expelled  was  only  one  volume,  we  see  that  tlie 
presence  of  hydrogen  gas  increases  the  condensation  of  oxygen  gas 
in  charcoal,  which  retains  at  the  same  time  O-J^  of  hydrogen  and 
7-5  volumes  of  oxygen  gas.  It  will  be  obvious,  without  my  pointing 
it  out,  that  the  bulks  O-JS  and  7'5  are  by  no  means  in  the  requisite 
proportion  to  one  another  for  forming  water. 

To  follow  out  this  subject  still  further,  I  put  a  piece  of  charcoal 
saturated  with  the  two  gases  (without  allowing  it  to  come  in  contact 
with  the  air)  into  a  jar  filled  with  mercury,  and  containing  a  little 
water.  The  charcoal  absorbed  tlus  water ;  and  in  48  hours  allowed 
3-11  volumes  of  oxygen  and  0-13  of  hydrogen  gas  to  escape.  New 
according  to  paragraph  2,  cliarcoal  which  has  absorbed  9*2  volumes 
of  oxygen  when  placed  in  contact  with  water  lets  go  3*2  volumes, 
and  still  therefore  retains  six  volumes.  While  in  the  present  case, 
in  consequence  of  the  presence  of  hydrogen  in  charcoal  of  the  7*5 
volumes  of  oxygen,  3'il  volumes  arc  disengaged  by  the  water,  and 
only  4*39  volumes  remain  behind.  These  two  gases,  therefore, 
have  not  united  in  the  proportions  which  constitute  wateir.  Besides 
this,  I  have  extricated  an  additional  quantity  of  oxygen  and  hy- 
drogen gases  out  of  the  same  cliarcoal,  by  boiling  it  in  water.  It  is 
true  that  the  temperature  is  not  sufficiently  high  to  expel  the  whole 
of  the  gases  :  but  this  is  the  case  likewise  when  only  one  gas  is 
present. 

The  following  experiment,  which  is  the  reverse  of  the  preceding, 
still  further  increases  the  doubts  about  the  formation  of  water  by 
the  union  of  oxygen  and  hydrogen  in  charcoal  at  the  ordinary  tem- 
perature of  the  atmosphere. 

Litroduclion  of  a  piece  of  Charcoal  saturated  with  Oxygen  into  a 
Receiver  containing  Hydrogen  Gas. 

According  to  Messrs.  Rouppe  and  Norden,  the  appearances  which 
they  describe  take  place  likewise  in  this  case.  There  is  the  same 
diminution  of  the  bulk  of  the  gas  in  the  receiver,  the  temperature 
of  the  charcoal  increases,  water  is  formed,  which  first  appears  in 
vapour,  and  then  falls  upon  the  sides  of  the  receiver  in  drops.  But 
I  have  obtained  quite  different  results.  The  quantity  of  gas  round 
tlie  charcoal  increased,  the  thermometer  sank,  and  no  formation  of 
water  was  perceptible. 

A  volume  of  box-wood  charcoal,  which,  after  exposure  to  a  red 
heat,  had  absorbed  92  volumes  of  oxygen  at  the  temperature  of 
62°,  was  put  into  15-f>  volumes  of  hydrogen  gas.  The  bulk  of  the 
gas  increased  3*21  volumes  ;  so  that  it  amounted  to  18-81  volumes  : 
and  a  thermometer,  which  at  the  beginning  of  the  process  had  beea 
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placed  in  contact  with  the  charcoal,  foil  0-9°.*  By  a  chemical 
analysis  of  the  gas,  I  found  that  the  receiver  contained  hydrof^en 
and  455  voUimes  of  oxyi^en  gas,  which,  subtracted  from  18-81 
volumes,  leaves  14'26  volumes  of  hydrogen.  Hence  tliere  was 
absorbed  by  the  charcoal  15'G  —  14-26  =  1-34  volumes  of 
hydrogen  gas:  and  this  quantity  had  expelled  455  volumes  of 
oxygen  gas. 

As  we  have  seen  above  that  charcoal  free  from  air  absorbs  9*2 
volumes  of  oxygen,  or  1*75  of  hydrogen  gas,  it  is  evident  from  tha 
rate  of  absorption  that  I  "34  volume  of  hydrogen  occupies  the  same 
space  in  the  coal  as  7*03  volumes  of  oxygen  gas;  instead  of  which 
only  4*55  volumes  of  oxygen  gas  were  expelled  by  the  hydrogen- 
In  the  present,  as  well  as  in  the  reverse  experiment,  the  condensa- 
tion of  the  hydrogen  gas  was  promoted  by  the  presence  of  the 
oxygen. 

VVhen  the  same  piece  of  charcoal,  containing  1*34  volume  of 
livdrogen  and  4'75  volumes  of  oxygen  gas,  was  put  into  a  receiver 
filled  with  mercury,  and  containing  some  water,  it  gave  out  0-74 
volume  of  hydrogen  and  0  23  volume  of  oxygen  gas.  But  out  of  a 
piece  of  charcoal  saturated  with  hydrogen  (1*7-^  volume)  alone, 
water  disengages  l-l  volume,  and  of  course  0-G5  volume  remains 
behind.  Our  charcoal,  on  tlie  contrary,  saturated  with  lioili  gases, 
left  only  1-34  —  0*74  =  0*60  volume  of  hydrogen  behind.  'I'lie 
oxygen  gas  present  in  it  prevented  it  from  retaining  the  whole 
iiydrogen,  which  it  otherwise  would  have  done.  'I'he  oxygen, 
therefore,  could  not  he  present  in  the  state  of  water. 

As  we  have  no  method  of  separating  the  whole  of  either  a  single 
gas  or  of  two  gases  absorbed  by  charcoal  without  destroying  it,  I 
cannot  show  decisively  that  a  very  small  quantity  of  water  is  not 
formed  in  these  cases ;  but  all  appearances,  as  we  have  seen,  are 
against  that  supposition.  1.  The  absorption  of  the  oxygen  and 
hydrogen  are  in- quite  different  proportions  from  those  that  form 
water.  2.  Tiie  temperature  sinks  when  the  hydrogen  is  absorbed 
last.  3.  Both  gases  are  driven  off  by  water  in  very  different  pro- 
portions from  what  would  be  requisite  to  form  water. 

I  must  now  observe  that  the  quantities  of  ox}'gen  and  hydrogen 
gases  which  a  piece  of  charcoal  absorbs,  vary  according  to  the  pro- 
portions of  both  which  remain  behind  in  the  receiver,  and  that  both 
of  these  stand  to  each  other  in  a  determinate  ratio.  Thus  when  a 
piece  of  charcoal  saturated  with  oxygen  is  put  into  15-6  volumes  of 
hydrogen  gas,  4*55  volume's  of  oxygen  are  disengaged,  in  place  of 
which  l*3t  volume  of  hydrogen  i*  absorbed.  But  it"  the  same 
charcoal  be  put  into  1 1  volumes  of  hydrogen  gas,  only  3*  12  volumes 
of  oxvgen  is  evolved,  and  0*7f>  volume  of  hydrogen  aljsoibed.  'I'he 
residual  gas  in  this  case  contains  a  greater  proportion  of  oxygen  thao 

•  The  charcoal  had  nearly  the  same  bulk  as  in  the  preceding  experiment.  If 
larger  pieces  be  employed,  tlie  change  of  tcm[)erritiire  is  more  reir;ai  kahle.  B'lt 
llie  rxperinienis  are  made  inoie  easily,  and  with  more  accuracy,  with  small  pur« 
tioiia  uf  j;ai,  Hud  small  pieces  of  charcoal. 


336  Ohservations  on  the  Alsorptum  of  (Nov. 

in  the  former.  This  itee  communication  between  the  gases  in  the 
charcoal,  and  those  surrounding  it,  is  a  proof  that  the  gases  mixed 
in  the  charcoal  do  not  form  any  lasting  combination,  as  would  be 
the  case  if  water  were  formed ;  but  that,  in  consequence  of  their 
mutual  contact  in  the  charcoal,  they  are  merely  a  little  condensed. 

If  charcoal  free  from  air,  but  drenclied  in  water,  be  brought  in 
contact  with  oxygen  gas,  carbonic  acid  gas,  or  azotic  gas,  these 
gases,  while  they  penetrate  into  its  pores,  drive  out  a  portion  of  the 
water.  It  is  to  be  presumed  that  Messrs.  Rouppe  and  Norden  took 
this  disengaged  water  for  new  formed  water.  This  is  the  more  pro- 
jbable,  as  in  their  experiments  the  gases  stood  over  water,  of  which 
the  charcoal,  while  it  absorbed  the  gases,  must  have  imbibed  a 
certain  portion. 

I  pass  over  tlie  detail  of  the  experiments  which  I  made  respecting 
the  mutual  expulsion  of  gases  from  charcoal  with  hydrogen  and 
azotic  gases,  oxygen  and  azotic  gases,  and  oxygen  and  carbonic 
acid  gases.  They  were  made  with  tlic  same  care  as  those  with 
oxygen  and  hydrogen  gases;  andthey  furnished  similar  results,  with 
the  exception  that  azotic  and  carbonic  acid  gases,  when  in  contact 
in  charcoal,  do  not  appear  to  increase  the  condensation  of  each 
other.  In  all  other  respects,  as  may  be  easily  conceived,  these 
mutual  expulsions  are  so  much  the  more  conspicuous,  the  greater 
the  difference  of  condensation  is  which  both  gases  undergo  when 
absorbed  by  charcoal.  Hence  it  is  very  striking  when  the  gases  are 
hydrogen  and  carbonic  acid;  and  most  of  all,  when  they  are  am- 
monia and  hydrogen. 

From  this  action  of  the  gases  on  each  other,  which  expel  each 
other  from  a  porous  body,  it  is  evident  that  a  porous  body  which  has 
saturated  itself  with  atmospherical  air,  and  which  is  put  into  a  gas 
■without  being  deprived  of  air,  may  either  increase  or  diminish  the 
volume  of  that  gas,  according  as  it  is  al)sorbed  in  greater  or  smaller 
quantity  than  common  air.  In  like  manner,  a  piece  of  charcoal  or 
of  meerschaum  saturated  with  common  air  will  perceptibly  diminish 
a  given  volume  of  carbonic  acid,  and  increase  that  of  hydrogen  gas, 
in  which  it  is  put.  It  is  highly  probable  that  the  odoriferous  vapours 
ot  bodies  rendered  evident  by  moist  air,  and  likewise  the  smells  of 
flowers,  depend  upon  such  mutual  expulsions  of  gaseous  bodies. 

If  a  piece  of  charcoal  free  from  air  be  put  into  a  mixture  of 
oxygen  and  hydrogen  gases,  an  absorption  takes  place,  which  holds 
the  same  proportion  with  respect  to  the  two  gases  as  wlien  the  char- 
coal is  first  saturated  with  the  one,  and  then  placed  in  the  other.  I 
placed,  for  example,  a  piece  of  box-wood  charcoal  free  from  air 
into  Ifi  volumes  of  a  mixture  containing  i  oxygen  and  -;?  hydrogetr 
gases  ;  so  that  both  gnses  were  in  the  proportions  requisite  for  the 
formation  of  water.  Of  tliis  mixture,  very  nearly  three  volumes  of 
oxygen  and  one  volume  of  hydrogen  were  absorbed.  This  result 
corresponds  very  well  with  the  proportion  of  single  gases  that  would 
have  been  absorbed,  and  likewise  tlic  relative  proportion  in  which 
they  were  mixed  before  absorption. 
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When  a  piece  of  box-wood  or  beech  charcoal  free  from  air  is 
exposed  to  common  air,  it  absorbs  more  oxygen  than  azotCj"  so  that 
the  air  is  injured  by  it;  but  not  much,  as  the  difference  between  the 
quantity  of  these  gases  absorbed  by  charcoal  is  not  great.  Hence 
that  this  consequence,  whicli  Messrs.  Rouppe  and  Norden  deny, 
may  take  place,  the  volume  of  residual  air,  in  comparison  of  that  of 
the  charcoal,  must  be  small. 

-  * 

8.  Simultaneous  Absorption  of  various  Gases  hj  different  Bodies.'^ 
\a  general  all  porous  bodies  exhibit  the  same  appearances  in 
respect  to  the  mutual  expulsion  and  condensation  of  tlie  gases 
coming  in  contact  with  them  as  charcoal  does.  Yet  these  expul- 
sions may  take  place  in  an  opposite  order  when  the  affinity  of  the 
body  for  the  gases  is  different.  In  this  respect  the  results  are 
striking  which  meerschaum,  ligniform  asbestus,  adhesive  slate  of 
Mesnil  Montant,  and  Saxon  hydrophane,  give  when  they  are  brought 
in  contact  with  mixtures  of  carbonic  acid  *  or  ammoniacal  gas  with, 
oxygen,  hydrogen,  or  azotic  gas.  A  mixture  of  the  two  or  three 
last  gases  requires  more  attention,  and  the  consequence  is  not 
always  perceptible.  As  in  these  experiments  it  appears  of  no  con- 
sequence whether  the  porous  body  be  first  saturated  with  one  gas, 
and  then  put  into  the  other ;  or  whether  it  be  put  into  a  mixture  of 
the  two  gases ;  I  shall  describe  here  only  the  results  which  I  ob- 
tained in  the  last  way,  as  it  is  the  shortest.  The  experiments  were, 
made  in  temperatures  between  59°  and  62°.  The  same  pieces  were 
employed  in  all  of  them )  and  each  porous  body  was  allowed  to 
remain  24  hours  in  the  mixture  before  the  residual  gas  was  exa- 
mined. 

Meerschaum  in  a  mixture  of  Oxygen  and  Hydrogen  Gases. 

A  volume  of  meerschaum  freed  from  air  was  put  into  2^  volumes 
of  gas,  one  half  of  which  was  oxygen,  and  the  other  hydrogen.  It 
absorbed  0-57  volume  of  oxygen  and  0*44  of  hydrogen;  therefore 
more  of  the  first  than  of  the  last.  This  is  conformable  to  the  order 
of  absorption  of  the  gases  when  not  mixed.  When  we  compare  the 
bulk  which  both  gases  occupy  in  the  meerschaum,  with  the  sum  of 
their  bulks  when  single,  we  perceive  that  the  presence  of  the  oxygen 
has  promoted  the  condensation  of  the  hydrogen  gas. 

The  same  experiment  was  made  with  the  adhesive  slate  of  Menil 
Montant.  A  volume  of  this  stone  absorbed  07  of  the  mixture. 
The  proportion  of  each  gas  absorbed  was  the  same,  though  the 
«tone  absorbs  more  oxygen  gas  when  alone  than  it  does  of  hydrogen 
gas.  The  difference  was  either  too  small  to  be  perceptible)  or  the 
presence  of  the  oxygen  had  promoted  the  condensation  of  the 
hydrogen  to  such  a  degree  as  to  make  its  bulk  equal  to  that  of  the 

*  Perhaps  the  small  quantity  of  carbonic  acid  which  some  porous  stones,  as  (he 
mcerschauDi  of  Natolia,  contaiD,  is  only  accidental,  or  what  the  water  in  (hem  it 
aoie  to  retain  by  means  of  capillary  attraction. 
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oxygen.     In  the  same  way,  meerschaum  did  not  sensibly  alter  the 
composition  of  atmospherical  air. 

Meerschaum^  Charcoal,  and  Woody  in  a  Mixture  of  equal  Volumes 
of  Azotic  and  Hi/drogen  Gases. 

A  volume  of  meerschaum  free  from  air  absorbed,  from  2*5 
volumes  of  such  a  mixture,  0'61  volume  of  azote  and  0*42  volume 
of  hydrogen  ;  therefore  more  of  the  first  than  of  the  last.  These 
two  gases  seem  to  have  been  rendered  somewhat  denser  by  their 
contact  in  the  stone.  A  volume  of  box-wood  charcoal  free  from  air 
absorbed,  from  16  volumes  of  such  a  mixture,  3'5  volumes  of  azote 
and  0  9  of  hydrogen.  *  A  volume  of  fir-wood  free  from  air  ab- 
sorbed, from  four  volumes  of  the  mixture,  0"34  volume  hydrogen 
and  0*  1 1  azote.  Wood,  then,  produces  just  the  opposite  effect  upon 
these  gases  that  meerschaum  does  ;  yet  the  absorption  of  the  mix- 
ture by  the  wood  agrees  with  its  absorption  of  the  gases  separately. 

All  my  attempts,  in  these  experiments,  and  in  others  which  I  do 
ftot  mention,  to  detect  the  formation  of  water,  ammonia,  or  nitric 
acid,  were  entirely  abortive.  I  employed  no  other  heat  to  assist  me 
but  what  was  disengaged  by  the  absorption  of  the  gases ;  yet  ray 
experiments  were  not  sufficiently  varied,  nor  continued  long  enough, 
to  destroy  all  hopes  of  meeting  with  cases  in  which  such  a  forma- 
tion may  take  place  ;  especially  when  we  employ  the  intermediate 
action  of  water,  and  such  absorbing  bodies  as  have  a  chemical  aiH~ 
nity  for  these  products. 

Section  Third. 

absorption  of  the  gases  by  liquids. 

9.  Dalton's   Theory. 

That  all  gases  are  absorbed  by  liquids,  and  that  most  of  them  are 
again  separated  by  heat  or  the  diminution  of  external  pressure,  has 
been  long  known.  We  now  possess  accurate  results  respecting  the 
rate  of  this  absorption.  For  a  set  of  careful  and  regular  experiments 
on  this  subject  we  are  indebted  to  Dr.  Henry,  of  Manchester.  Mr. 
Dalton  has  a  little  altered  some  of  these  results ;  and  by  means  of 
them  has  contrived  a  theory  which  not  only  explains  the  absorptioa 
of  gases  by  water,  but  by  all  other  liquids  ;  but  it  is  in  opposition  to 
most  of  the  results  which  I  have  obtained  by  means  of  solid  porous 
bodies. 

According  to  him,  those  gases  which  separate  from  liquids  when 
the  pressure  of  the  atmosphere  is  removed  are  merely  held  in 
mechanical  union,  and  are  by  no  means  in  chemical  combination 
with  these  liquids.  He  affirms,  further,  that  water,  at  a  medium 
temperature,  and  under  a  medium  pressure  of  the  atmosphere,  can 

*  In  this  experiment  the  gases  aod  charcoal  remained  in  conCact  five  weeks;  bnt 
after  the  first  day  the  volume  of  the  mixture  was  not  altered  in  the  leatt.     On  im< 
niprsing  the  charcoal  ia  cold  water,  S'$5  volumes  of  azote  and  O'dl  of  hydrogen  ' 
were  driven  out. 
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only  absorb  gases  according  to  the  following  law.  It  absorbs  either 
a  volume  of  the  gas  equal  to  its  own  volume,  as  is  the  case  with 
carbonic  acid,  sulphurated  hydrogen,  and  nitrous  oxide ;  or  to  -i-  of 
its  volume,  as  is  the  case  with  olefiant  gas  ;  or  to  ^y  of  its  volume, 
as  is  the  case  with  oxygen  and  nitrous  gas ;  or  to  ^  of  its  volume, 
as  is  the  case  with  azote,  hydrogen,  and  carbonic  oxide :  so  that  the 
tolumes  of  absorbed  gas  in  these  four  divisions  may  be  represented 
by  the  series  (-f)S  {^Yy  (-3-)%  {\Yy  the  volume  of  water  being  repre- 
sented by  1.*  The  same  law  holds,  according  to  Dalton,  for  all 
liquids  that  are  not  glutinous,  as  for  alcohol,  acids,  and  solutions  of 
salts  in  water ;  though  between  the  solution  and  some  gases  an 
affinity  may  perhaps  exist,  as  between  a  solution  of  an  alkaline 
sulphuret  and  oxygen  gas.  Finally,  he  establishes,  from  some  ex- 
periments of  Dr.  Henry,  that  water  which  has  absorbed  one  gas, 
and  is  placed  in  contact  with  another,  always  allows  as  much  of  the 
first  to  escape,  and  absorbs,  on  the  contrary,  so  much  of  the  other, 
that  the  mixture  of  gases,  which  after  this  exchange  remains  behind 
in  the  water,  is  exactly  in  the  same  proportion  as  would  have  been 
produced  by  the  absorption  of  each  of  them  singly  by  the  water, 
supposing  each  of  the  density  which  it  has  in  the  gaseous  mixture. 
According  to  this,  water  would  absorb,  from  a  mixture  of  two  gases 
in  equal  proportions,  only  one  half  of  the  volume  of  each  which  it 
would  absorb  if  the  gas  were  in  a  separate  state. 

The  following  experiments  will  enable  us  to  examine  the  accuracy 
of  these  propositions. 

10.  Absorption  of  unmixed  Gases  ly  different  Liquids. 

I  endeavoured  to  free  the  liquids  which  I  used  in  ray  experiments 
from  air  as  completely  as  possible,  by  long  and  violent  boiling. 
Those  which  would  iiave  been  altered  or  di>sipated  by  tiie  applica- 
tion of  such  a  heat,  as  oils  and  some  salt  solutions,  were  freed  from 
air  by  means  of  the  air-pump.  Neither  of  these  methods  is  capable 
of  freeing  liquids  completely  from  air ;  and  the  more  volatile  the 
liquid  is,  they  succeed  the  more  imperfectly,  because  they  can  only 
be  exposed  to  a  lower  temperature,  and  the  pressure  of  the  vapour 
vvhiclj  rises  from  them  under  the  air-pump  prevents  the  escape  of 
their  air. 

To  produce  a  speedy  and  complete  absorption,  I  put  a  large 
quantity  of  those  gases  which  are  absorbed  only  in  small  quantity 
by  liquids,  as  of  azote,  oxygen,  and  hydrogen,  with  a  small  quantity 
of  the  liquid,  into  a  flask,  which  was  furnished  with  an  excellent 
ground  stopper,  and  agitated  the  flask  for  a  quarter  of  an  hour. 
This  is  a  difficult  method,  and  requires  much  attention,  f  With 
respect  to  all  the  gases  of  which  the  liquid  absori)s  more  than  4^  of 


♦  According  to  him,  109  volumes  of  water,  at  tlie  temperature  of  61%  absorb 
00  volumes  of  the  first  Ihree  gases,  12-5  volumes  of  olefiant  gas,  3'7  of  oxygen 
nd  azote,  and  1-56  of  the  laat  three  gases. 

f  More  will  be  said  on  thii  iubject  iu  the  Appendix'. 


S'iO  Observations  on  the  Ahorpt'ion  of  [NoV. 

its  bulk,  I  proceeded,  on  the  contrary,  in  the  following  manner. 
I  placed  them  over  mercury  in  a  tube  four  centimetres  (1*575  inch) 
of  internal  diameter,  and  let  up  a  column  of  the  absorbing  liquid 
five  or  six  centimetres  (17^  to  2-36  inches)  in  length.  The  ab- 
sorption was  promoted  by  agitation,  and  its  quantity  was  not  deter- 
mined till  the  gas  and  the  liquid  had  been  in  contact  for  several  days. 
The  following  table  exhibits  the  quantity  of  the  different  gases 
absorbed,  according  to  these  experiments,  by  water  and  alcohol. 


Sulphurous  acid  gas   

Sulphiireted  hydrogen*... 

Carbonic  acid 

Nitrous  oxide 

defiant  gas   

Oxygen  gas 

Carbonic  oxide    

Oxy-carhure(ed  hydrogen. 

Hydrogen   

Azote 


100  volumes  of 
Water. 


Volumes. 
4378 
253 
106 
76 
15-3 
6-5 
6-2 
51 
4-6 
41 


100  volumes  of 

Alcohol. 
Sp.  Gr.  0-8i. 


Volumes. 
11577 
606 
186 
153 
127 
16-25 
14-5 
7-0 
51 
4-2 


A  hundred  volumes  of  water  absorb  about  five  volumes  of  atmo- 
spherical air,  when  the  mass  of  air  is  very  great,  in  comparison  of 
that  of  the  water. 

From  these  experiments  it  appears,  contrary  to  Dalton's  assertion, 
that  the  absorption  of  gases  by  different,  not  glutinous  liquids,  as 
water  and  alcohol,  is  very  far  from  being  similar.  The  alcohol,  as 
we  see,  often  absorbs  twice  as  much  of  them  as  water  does.  In 
gases  which  are  absorbed  in  small  quantities,  this  difference  is  not 
so  striking ;  because  with  respect  to  them  the  absorptions  of  the 
alcohol  can  be  less  acctirately  determined,  on  account  of  the  air 
which  still  remains  in  it  after  being  boiled.  Those  gases  which  are 
absorbed  in  great  quantity  suffer  but  little  opposition  from  this  air. 
In  the  remaining  gases,  its  influence  becomes  the  more  striking  the 
more  nearly  the  absorbability  of  the  gas  and  the  air  approach  to  a 
state  of  equality. 

These  experiments  agree  no  better  with  the  law,  which  Dalton 
thinks  he  has  ascertained  in  the  absorption  of  different  gases  by  one 
and  the  same  liquid  ;  for  I  find  too  great  a  difference  between  the 
quantity  of  carbonic  acid,  sulphureted  hydrogen,  and  nitrous  oxide 
gases,  absorbed  by  the  same  liquids  (which  Dalton  considers  as 
coro.pletely  equal),  to  be  able  to  ascribe  it  to  errors  in  the  experi- 
ments. 


*  It  was,  according  to  the  direction  of  Gay-Lnssac  and  Thenard,  prepared 
from  sulphurct  of  antimony  by  means  of  muriatic  acid,  and  in  the  absorption  all 
mercury  was  kept  out  of  pUy> 
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11.  Influence  of  Chemical  Affinity  on  the  Absorption  of  Gases. 

If  such  an  influence  did  not  exist,  the  gases  would  be  absorbed 
by  all  liquids  in  the  same  order.  As  I  had  not  perceived  any  distinct 
difference  between  water  and  alcohol  in  tbis  respect,  I  tried  other 
liquids,  and  I  confined  my  experiments  to  four  gases,  namely,  car- 
bonic acid,  nitrous  oxide,  olefiant  gas,  and  carbonic  oxide.  I  eX" 
cepted  oxygen  gas  from  these  experiments,  because  it  forms  perma- 
nent compounds  with  most  of  the  liquids  to  be  employed,  wbich  are 
not  modified  by  tbe  pressure  of  the  atmosphere.  Azotic  and 
hydrogen  gas  were  also  excluded,  because  they  are  absorbed  in  such 
small  quantities  that  the  difference  in  the  rate  could  not  be  accu- 
rately ascertained.  The  experiments  were  made  at  the  temperature 
of  64-5''. 

A   hundred  volumes  of  rectified  white  and  transparent  native 
naphtha^  of  the  specific  gravity  0-7S4,  absorbed 

Volumes. 

Olefiant  gas , 261 

Nitrous  oxide    254 

Carbonic  acid 169 

Carbonic  oxide     , 20 

A  hundred  volumes  of  fresh  distilled  essential  oil  of  lavender,  of 
the  specific  gravity  0-88,  absorbed 

Volumes. 

Nitrous  oxide    2/5 

Olefiant  gas 209 

Carbonic  acid   191 

Carbonic  oxide    lo-g 

A  hundred  volumes  of  olive  oil, 

Volumes, 

Carbonic  acid   1  f,  1 

Nitrous  oxide 150 

Olefiant  gas 1 22 

Carbonic  oxide 14-2 

A  huridred  volumes  of  a  saturated  solution  of  muriate  of  potash 


jn  water. 


Volumes, 

Carbonic  oxide 61 

Nitrous  oxide 21 

Olefiant  gas    10 

Carbonic  oxide  . , 5-2 

It  follows  from  tliese  experiments,  that  in  liquids,  as  well  as  in 
solid  bodies,  great  differences  take  place  in  the  order  in  which  gases 
are  absori)ed  by  them,  and  that  in  consequence  these  absorptions  are 
alwnys  owing  to  the  influence  of  chemical  aftinity. 
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Selid  bodies  apjjear,  under  the  same  circumstances,  to  produce  a 
greater  condensation  ot  all  gases  in  the  contact  of  which  they  are 
placed  than  liquid  hodies  do.  I  have  met  with  no  liquid  which 
absorbs  so  great  a  volume  of  carbonic  acid,  olefiant  gas,  azotic  gas, 
carbonic  oxjde,  aiir:  nitrous  oxide,  as  charcoal  and  meerschaum  do. 
Tlie  difference  is  probably  owing  to  this  circumstance,  that  liquids, 
in  consequence  of  the  great  mobility  of  their  parts,  cannot  com- 
press the  gases  so  strongly  as  is  necessary  for  greater  condensation  ; 
certain  cases  excepted,  where  very  powerful  chemical  affinities 
come  to  their  assistance  ;  as,  for  example,  the  affinity  of  ammonia 
and  muriatic  acid  for  water.  Only  in  these  rare  cases  do  liquids 
condense  a  greater  quantity  of  gases  than  solid  bodies.*  While  in 
these  last  bodies  the  size  of  the  pores  determines  the  space  occupied 
by  the  absorbed  gas,  the  parts  of  liquid  bodies,  in  consequence  of 
their  separation  from  each  other,  have  a  disposition  to  increase  their 
distance,  in  proportion  as  the  gases  are  absorbed,  f 

12.  Influence  of  the  Viscidity  and  of  the  Specific  Gravity  of  Liquids 
on  their  Absorption  of  Gases. 

In  my  experiments  on  the  influence  of  the  physical  state  of  the 
liquid  upon  its  power  of  absorbing,  I  have  employed  carbonic  acid 
gas,  which  I  have  placed  in  contact  with  a  great  number  of  liquids, 
very  different  both  in  their  liquidity  and  in  their  specific  gravity. 
The  following  table  exhibits  the  result  of  these  experiments  :  they 
were  performed  at  the  temperature  of  C2-5'':  and  likewise  the  bulk 
of  carbonic  acid  gas  absorbed  by  one  volume  of  the  different 
liquids : — 


Liquids. 

Sp.  Gr. 

Volume  of  gas 
absorbed. 

100  parts  of  the  solution  contain 

Alcohol 

0-803 

0-T27 

0  880 

0-890 

0-84 

0-784 

0-86 

0-94 

0-915 

1-000 

1-073 

1-092 

2-6 

2-17 

1-91 

1-88 

1-87 

1-69 

1-66 

1-56 

1-51 

1-06 

0-75 

0  75 

Sulphuric  ether    

Oil  of  lavender   

Oil  of  thyme 

Spirit  of  wine 

Rectified  naptha 

Oil  of  turpentine    

Jjinseed  oil 

Oliveoll    

Water 

Sal^mnioniac   

Gum-arabic    

27-53  cr.vst.  salt.     Sat,  solution. 
25        euni. 

*  According;  to  Thomson,  -water  in  thf  mean  temperature  of  the  atmosphere 
.Tbsorbi.  510  times  its  bulli  of  muriatic  acid  gas,  and  780  times  its  bulk  of  amme- 
niacal  tjas. 

+  Water  by  absorbing  gases  increases  in  volume,  and  a  perceptible  heat  is 
evolved,  when  the  quant'iy  absorbed  at  least  equals  the  volume  of  the  absorbing 
liquid.  Tlie  specific  gravity  of  a  liquid  saturated  with  gas  is  therefore  smaller 
than  it  ought  to  be,  calculating  from  the  quantity  of  gas  absorbed.  Thomson  draws 
an  arg-amrDt  from  this  against  the  opinion  of  mere  mechanical  penetration. 
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Zi% 


Liquids. 


Sugar 

Alum 

Sulphate  of  potash. 
Muriate  of  potash  . 
Sulphate  of  soda  . . . 

Nitre 

Nitrate  of  soda  . .. 

Salphuric  acid 

Tartaric  acid    

Common  salt    

Muriate  of  lime  . .. 


M04 

1-047 

1-077 

1-16S 

1-105 

1-1S9 

1-306 

1-84 

1-285 

1-212 

1-402 


Volume  of  gas 
absorbed. 


0-72 

07 

0-62 

061 

0-58 

0-57 

045 

0-45 

0-41 

0-329 

0-261 


100  parts  of  the  solution  contain 


25  sugar. 

9-14  cr.  aJ.     Sat.  sol. 
9-42  c,  s.     Sat.  sol. 

26  c.  s.     Sat.  sol. 
11-14*  s.     Sat.  sol. 
20-6  c.  s.     Sat.  sol. 
26-4  c.  s.     Sat,  sol. 

53-37  c.  acid.  •  Sat.  sol. 
29  s.     Sat.  sol. 
40-2  salt  dried  in  a  red  heat, 
sol. 


Sai. 


Influence  of  Fiscidity.-^When  a  liquid  body  passes  into  the  state 
of  a  solid  body  quite  filled  with  matter,  or  having  all  its  sensible 
pores  filled  up,  it  loses  the  power  which  it  had  of  absorbing  gas  in 
a  liquid  state.  Viscidity,  therefore,  is  nothing  else  than  a  more  or  less 
complete  transition  from  a  liquid  to  a  solid  state.  It  is  to  be  pre- 
sumed, therefore,  that  the  different  degrees  of  liquidity  will  always 
have  an  obvious  influence  on  the  condensation  of  the  gas.  But  how 
important  soever  this  conclusion  may  be  at  the  limit  between  solidity 
and  liquidity,  it  has  but  very  little  influence,  according  to  my  ex- 
periments, in  theiniddle  states  of  liquids  of  different  kinds.  Thus 
we  see  that  the  fat  oils,  though  much  less  liquid,  absorb  a  much 
greater  portion  of  carbonic  acid  than  water.  The  absorption,  like- 
wise, of  carbonic  acid  by  gum  and  sugar  water,  exceeds  in  quantity 
that  produced  by  the  much  more  liquid  solutions  of  sulphate  of  soda 
and  muriate  of  potash.  The  solutions  of  muriate  of  potash,  sal- 
ammoniac,  and  nitre,  possess  as  much,  or  nearly  as  much,  liquidity 
as  pure  water ;  yet  this  last  liquid  absorbs  a  mucli  greater  proportion 
of  carbonic  acid  gas  than  they  do.  On  the  other  hand,  we  find 
likewise  liquids  which  absorb  more  of  this  gas  than  others  possessed 
of  smaller  liquidity ;  as  is  the  case,  for  example,  with  alcohol  and 
ether  when  compared  with  water,  and  with  this  liquid  w^en  com- 
pared with  several  saline  solutions. 

Though  the  influence  of  the  viscidity  of  a  liquid  upon  the  great- 
ness of  its  absorption  appears  to  be  small,  yet  it  is  striking,  as  far  as 
the  time  is  concerned  wliich  is  required  that  the  liquid  may  be  fully 
saturated  with  the  gas.  Viscid  liquids,  as  the  fat  oils,  the  solution 
of  muriate  of  lime,  gum-water,  &c.  require,  supposing  their  power 
of  absorbing  tiie  same,  a  much  longer  time  to  be  saturated  with  a 
gas  than  the  njore  perfect  liquids,  such  as  water,  naphtha,  alcohol, 
ether,  and  the  essential  oils. 

Influence  of  Specific  Gravity. — The  density  of  liquids  appears  to 
have  a  great  influence  on  their  power  of  absorbing  gases.  My  ex- 
periments, as  stated  in  the  preceding  table,  show  that  in  general 
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the  lightest  liquids  possess  a  greater  power  of  alisorbing  gases  than 
those  the  specific  gravity  of  which  is  greater.  Scarcely  any  other 
liquids  are  excepted  from  this  rule  but  those  the  specific. gravities  of 
which  differ  but  little  ;  and  these  exceptions  are,  without  doubt,  the 
consequence  of  peculiar  affinities.* 

Probiibly  the  specific  giavity  of  the  gases  themselves  has  an  in- 
fluence on  the  quantity  of  them  wliich  a  liquid  is  capable  of  absorb- 
ing, and  on  the  time  requisite  for  that  purpose ;  for  all  gases  which 
are  evidently  heavier  than  atmospherical  air  are  absorbed  in  greater 
quantity  by  water  than  azote,  liydrogen,  oxygen,  and  carbonic 
oxide  :  and  of  two  gases  which  are  absorbed  in  equal  volumes  by  a 
liquid,  the  lighter  requires  a  much  longer  time  than  the  heavier. 
Thus  naphtha  absorbs  olefiant  gas  much  more  slowly  than  it  does 
nitrous  oxide. 

13.  Ivfluence  of  Barometrical  Pressure  on  the  Absorption  of  Gases 

by  Liquids. 

Dr.  Henry  caused  carbonic  acid  in  different  states  of  density  to 
be  absorbed  by  water,  and  found  that  in  all  cases  tiie  liquid  ab- 
sorbed its  own  bulk  of  the  gas,  whatever  its  density  might  be.  He 
concluded  from  this  that  the  space  which  a  gas  occupies  in  water  is 
in  the  direct  (inverse?)  ratio  of  the  pressure.  I  have  ascertained 
the  accuracy  of  this  conclusion  by  means  of  the  contrivance  de- 
scribed in  paragraph  4,  not  only  with  respect  to  carbonic  acid,  the 
most  absorbable  gas  employed  by  Dr.  Henry,  but  likewise  with  re- 
spect to  sulphurous  acid  gas,  the  absorption  of  which  is  nearly  50 
times  greater.  A  volume  of  water  which,  under  a  barometrical 
pressure  of  28*74  inches,  and  at  the  temperature  of  62-V°,  absorbed 
44  times  its  bulk  of  sulphurous  acid  gas,  still  absorbed  the  same 
volume  of  that  gas  when  the  barometrical  pressure  was  reduced  to 
14*33  inches,  while  the  temperature  continued  the  same.  Oil  of 
lavender,  under  a  barometrical  pressure  of  6'S9  inches,  absorbed 
1*9  volume  of  carbonic  acid  :  it  absorbed  the  same  bulk  when  the 
barometrical  pressure  was  28*74  inches.  Olive  oil  gave  the  same 
results  with  carbonic  acid  gas  under  different  degrees  of  barometrical 
pressure.  Probably  the  same  law  holds  with  respect  to  all  liquids. 
•  It  deserves  attention  that  in  liquids  the  quantities  of  gases  ab- 
sorbed are  as  the  compressions;  while  in  solid  bodies,  as  the  gases; 
become  less  dense,  the  absorption  seems  to  increase. 


*  Metallic  solutions  of  great  specific  gravity  must  be  capable  of  absorbing  a 
still  smaller  quantity  of  gas  than  the  liquids  employed  in  my  experiments.  It 
follows  from  this  that  in  pneumatic  experiments,  when  it  is  our  object  to  measure 
the  production  of  great  quantities  of  carbonic  acid,  or  anj'  other  pretty  absorb, 
able  gas,  it  will  he  advantageous  to  employ  saline  solutions,  and  particularly 
soluliuQ  of  common  salt,  which  differs  most  from  pure  water  of  all  that  can  be 
easily  used.  Common  sea  salt  will  answer  still  better  than  pure  salt.  A  saturated 
Eolntiou  of  it  absorbs  not  quite  the  third  of  its  bulk  of  carbonic  acid,  and  re- 
quiies  for  that  a  far  longer  time  tlian  pure  water  does  to  absorb  its  own  volume  of 
the  gas. 
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14.  Smidtaneous  Absorption  of  several  Gases  hj  Water. 

Probably  the  absorption  of  diiferent  gases  at  the  same  time  by 
liquids  is  analogous  to  what  I  observed  with  respect  to  solid  bodies. 
Henry,  Dalton,  Von  Humboldt,  and  Gay-Lussac,  had  already  re- 
marked that  water  saturated  with  one  gas  allows  a  portion  of  that 
gas  to  escape  as  soon  as  it  comes  in  contact  with  another  gas.  It  is 
indeed  evident,  according  to  Dalton's  theory,  that  two  gases  ab- 
sorbed into  a  liquid  should  really  always  occupy  the  same  room  as 
they  would  occupy  if  each  of  them  had  been  absorbed  singly  at  the 
degree  of  density  which  it  has  in  the  mixture.  To  obtain  results 
on  this  subject  approaching  to  accuracy,  I  was  obliged  to  make  mix- 
tures of  carbonic  acid  with  oxygen,  hydrogen,  and  azotic  gases ; 
for  the  last  three  gases  are  absorbed  by  water  in  so  small  a  propor- 
tion, that  the  different  condensations  which  take  place  cannot  be 
confounded  with  errors  in  the  experiments.  * 

IVater  and  a  Mixtiire  of  equal  Measures  of  Carbonic  Acid  and 
Hydrogen  Gas. — I  brought  100  measures  of  water,  at  the  tempera- 
ture of  62^°,  in  contact  with  434  measures  of  equal  volumes  of 
carbonic  acid  and  hydrogen.  The  absorption  amounted  to  47*5 
volumes,  of  which  44  were  carbonic  acid,  and  3-5  hydrogen.  If  we 
compare,  in  the  same  way  as  we  did  with  the  charcoal  in  para- 
gragh  7j  the  space  which  the  absorbed  gases  occupy  in  the  water, 
with  that  which  they  would  occupy  according  to  paragraph  10,  we 
find  that  the  presence  of  one  of  the  gases  has  favoured  tiie  absorp- 
tion of  the  other,  as  far  as  the  relative  space  goes  which  each  would 
occupy  separately  in  the  water. 

Water  and  a  Mijciure  of  equal  Parts  of  Carbonic  Acid  and 
Oxygen  Gas. — 100  volumes  of  water  at  (i-2\°  absorbed  from  390 
volumes  of  this  mixture  52*1  volumes,  of  which  47*1  volumes  were 
carbonic  acid  and  five  volumes  oxygen  gas.  Here  also  the  conden- 
sation is  greater  than  when  the  gases  are  separate. 

Water  and  a  Mixture  of  Carbonic  Acid  and  Azotic  Gas. — 100 
volumes  of  water  absorbed,  from  357'6  volumes  of  this  mixture,  at 
the  same  temperature,  47*2  volumes,  of  which  43-9  volumes  were 
carbonic  acid  and  3*3  azote. 

The  results  of  these  experiments,  as  we  perceive,  agree  com- 
pletely with  each  other  jf    but  none   of   them   correspond  with 

♦  Von  Humboldt  ami  Gay-Lussac  have  found  that  when  they  left  a  mixture  of 
oxygen  and  hydrogen  gas  standing  over  water  in  a  receiver,  the  absorption  of  the 
hydrogen  v.as  far  greater  than  it  w ould  have  been  hart  it  noi  been  for  the  pre=pnre 
of  (he  oxygen  gas.  1  bclitve  that  this  remarkable  result  was  owing  to  the  filleiing 
of  the  hydrogen  through  the  w;ilcrinto  the  citcrnal  air,  hastened  by  the  action  of 
the  oxygen  gas,  or  any  other  more  absorbable  gas;  for  according  to  mv  experi- 
mtms  pure  water  in  vessels  standing  over  mercury  always  absorbs  from  mixliing 
of  oxygen  and  hydrogen  a  smaller  absolute  volume  of  the  last  than  of  pure 
hydrogen,  in  proportifin  to  the  space  which  the  oxygen  occupies  in  the  water. 
However,  it  is  not  the  less  probable  that  both  gases  undergo  a  certain  increase  of 
density  from  their  mutual  conlHct, 

1  Carbonic  acid  does  not  appear  to  favour  the  absorption  of  azotebf  charcoal. 
Tilt  contrary  seems  to  be  the  case  iu  water.    Yet  I  cannot  deiieud  upon  this  difl'er- 
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Dalton's  theory,  according  to  which  the  volume  of  carbonic  acid 
absorbed  should  be  just  one  half  that  of  the  absorbing  liquid,  and 
likewise  the  volumes  of  the  other  gases  absorbed  should  be  much 
smaller  than  I  found  them  to  be. 

If  oxygen  and  hydrogen  gases,  mixed  in  the  proportions  necessary 
for  forming  water,  were  capable,  by  the  increase  of  density  pro- 
duced in  them  by  the  liquid,  of  combining  and  constituting  water, 
their  absorption  could  not  be  determined.  But  we  are  able  by 
strong  agitation  to  bring  the  absorption  of  these  gases  by  water  to  a 
conclusion  in  a  few  minutes,  so  that  it  shall  not  be  increased  by 
continuing  the  agitation  much  longer.  In  my  trials  it  did  not' 
exceed  SJ-  hundred  parts  of  the  volume  of  the  liquid. 

We  obtain  similar  results  with  the  gaseous  constituents  of  ammonia 
and  nitric  acid.  Even  the  addition  of  an  alkali  or  an  acid  to  the 
water  is  not  capable  of  making  the  gases  combine.  But  we  do  not 
yet  know  the  effect  which  would  be  produced  by  a  contact  of  several 
months  or  years  between  these  gases  and  the  liquid.  As  little  are 
we  aware  of  the  effect  of  atmospherical  influence  upon  common  air 
in  a  state  of  liberty.  Perhaps  the  experiments  which  I  have  related 
in  this  paper  may  throw  some  lighten  the  subject.  They  show  that 
the  absorption  of  gases  depends  partly  upon  the  physical  properties, 
and  partly  upon  the  chemical  affinities,  of  the  bodies  in  contact,  and 
penetrating  each  other;  and  that  in  this  respect  solid  bodies  and 
liquids  are  in  general  subjected  to  the  same  law. 

Appendix. 

Method  of  uniting  with  Water  those  Gases  which  are  absorbed  onl^ 

in  small  Quantity. 

As  the  quantity  of  gases  absorbed  by  water,  according  to  my  ex- 
periments, often  differs  from  that  obtained  by  Henry  and  Dalton,  I 
think  it  necessary  to  state  the  degree  of  care  which  I  took  to  make 
my  experiments  as  accurate  as  possible.  The  description  of  these 
artifices,  however,  can  only  interest  those  who  wish  to  repeat  the. 
experiments. 

1.  In  order  to  free  the  water  from  air,  I  employed  the  following 
method.  A  small  flask  was  filled  with  distilled  water,  and  placed 
open  under  water  in  a  bason,  filled  with  that  liquid,  and  the  whole 
water  was  kept  boiling  violently  for  at  least  three  hours.  That  the 
water  had  been  freed  from  its  air  as  completely  as  possible  *  this 
way,  I  knew  by  bending  down  the  flask  during  the  boiling,  and 

*nfe,  as  the  whole  depends  upon  estimating  1^  hundred  parts  of  azofe,  whrchare* 
within  the  limits  of  errors  in  the  experiments. 

*  It  does  not  appear  possible  to  deprive  water  of  the  whole  of  its  air  by  long 
continued  boiling ;  for  when  the  small  flask,  in  the  experiments  described  in  the 
text,  was  fitted  with  its  stopper  under  the  boiling  water,  a  small  space  was  left  in 
it  empty,  iu  consequence  of  the  contraction  of  the  water  by  cooling.  When  the 
flask,  was  opened  under  mercury,  after  standing  for  some  days  over  that  liquid, 
this  empty  space  did  not  completely  disa])pear  by  the  rushing  in  of  the  mercury. 
A  small  air  bubble  always  remained,  which  was  speedily  absorbed.  Thj»  air 
babble  was  obviously  larger  ia  alcohol  and  ether  than  in  water. 
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perceiving  that  no  more  air  collected  in  it.  It  was  then  completely 
filled,  shut  with  a  glass  stopper  under  the  boiling  water,  and  placed 
inverted  over  mercury. 

2.  I  filled  over  the  pneumatic  water-trough  a  flask,  M,  capable 
of  holding  250  cubic  centimetres,  with  the  gas  to  be  absorbed,  held 
it  inverted  for  half  an  hour  under  the  water  of  the  trough,  that  it 
might  acquire  the  same  temperature  with  this  Hquid,  which  ought 
to  be  nearly  that  of  the  atmospherical  air.  I  then  shut  its  mouth 
under  the  surface  of  the  water  with  a  glass  stopper.  This  stopper 
must  be  carefully  wiped,  that  no  air  bubbles  be  left  on  it ;  and  it 
pught  to  be  conical,  that  it  may  not  compress  the  gas  wlien  intro- 
duced. The  weight  of  this  flask  empty  and  full  of  water  was  accu- 
rately determined. 

3.  From  this  flask  I  poured  over  the  mercurial  trough  about  the 
sixth  part  of  the  gas  into  a  receiver  filled  with  mercury.  This  por- 
tion of  gas  was  then  poured  over  the  water  trosgh  into  a  flask,  N, 
filled  with  water.  This  flask,  being  weighed  before  and  after  the 
introduction  of  the  gas,  gave  the  volume  of  this  last.  This  volume 
being  abstracted  from  that  in  the  flask  M  originally,  gave  the  quan- 
tity of  gas  still  remaining  in  that  flask. 

4.  I  now  opened  under  mercury  an  inverted  flask  full  of  well 
boiled  water,  and  poured  as  much  of  this  water  through  the  mer- 
cury into  the  flask,  M,  as  expelled  all  the  mercury  which  had  beea 
introduced  into  it  by  the  third  operation.  The  flask,  M,  was  novr 
ghut  at  the  surface  of  the  mercury,  and  weighed.  This  gave  the 
volume  of  water  introduced  into  the  flask. 

5.  The  gas  with  the  water  was  now  strongly  agitated  for  15 
piinutes,  while  the  flask,  M,  was  held  by  a  pair  of  pincers,  to  prevent 
the  introduction  of  any  heat  from  the  hand.  It  was  then  plunged 
under  the  water  of  the  trough,  to  bring  it  exactly  to  its  original 
temperature,  opened  in  an  inverted  position,  and  shut  again  under 
ivater.  Now  the  water  which  occupied  the  place  of  the  absorbed 
gas,  and  the  difference  between  the  weight  of  the  flask,  M,  now  and 
when  it  was  full  of  water,  enabled  me  to  know  the  volume  of  gas 
absorbed. 


Article  III. 

An  Jnalysis  of  the  Mineral  JVaters  of  Dunblane  and  Pitcaithly  ; 
Willi  General  Observatio?is  on  the  Analysis  of  Mineral  Waters, 
and  the  Composition  of  Bath  IFater,  '&c.  By  John  Murray, 
M.D.  F.R.S.E.  ' 

(Continued  from  p.  269.) 

111. — OBSKRVATIONS  ON   THJE   COMPOSITION  OF   SALINE   MINEAAL 

WATERS. 

It  is  a  question  not  unequivocally  determined,  and  perhaps  not 
capable  of  being  determined,  ia  wliat  state  the  saline  ingredients  of 
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a  mineral  water  exist— ^whether  the  acids  and  bases  are  in  tliose 
binary  combinations  which  constitute  the  different  neutral  salts,  or 
whether  they  exist  in  simultaneous  combination,  the  whole  acids 
being  neutralized  by  the  whole  bases.  If  the  former,  which  is  the 
more  common,  and  perhaps  tiie  more  probable  opinion,  be  adopted, 
it  is  at  least  certain  that  the  state  of  combination  may  be  modified 
by  the  analytic  operations,  and  that  the  binary  combinations  ob- 
tained by  these  may  not  be  precisely  those  which  existed  in  the 
water.  In  the  case  of  the  Dunblane  water,  for  example,  the  in- 
gredients obtained  are  muriate  of  soda,  muriate  of  lime,  and  sul- 
phate of"  lime.  Now  it  is  possible  that  the  sulphate  of  lime  may  be 
a  product  of  the  operation,  not  an  original  ingredient.  The  sul- 
pluuic  acid  may  exist  rather  in  the  state  of  sulphate-of  soda,  and 
when,  in  the  progress  of  the  evaporation,  the  liquor  becomes  con- 
centrated, this  salt  may  act  on  a  portion  of  the  muriate  of  lime, 
and  by  mutual  decomposition  form  corresponding  portions  of  mu- 
riate of  soda  and  sulphate  of  lime. 

A  question  of  this  kind  is  not  merely  one  of  speculation,  but  the 
solution  of  it  may  sometimes  throw  light  on  the  properties  of  mine- 
ral waters,  particularly  on  their  powers  of  aftecting  the  living 
system.  The  present  affords  a  very  good  example  of  this.  Sulphate 
of  lime  is  a  substance  apparently  inert.  If  it  exist,  therefore,  as 
such  in  the  water,  it  can  contribute  nothing  to  its  efficacy.  But  in 
the  other  state  of  combination  which  is  supposed,  both  the  quantity 
of  the  muriate  of  lime,  the  more  active  ingredient,  will  be  greater, 
and  the  presence  of  sulphate  of  soda  will  in  part  account  for  the 
purgative  operation  which  the  water  exerts. 

There  is  no  very  direct,  and  perhaps  no  decisive,  experiment  by 
which  this  question  may  be  determined  ;  for  any  method  which 
would  cause  the  separation  of  ekher  substance  as  a  binary  com- 
pound, may  also  be  conceived  to  operate  by  causing  its  formation. 
Thus,  though  sulphate  of  lime  is  obtained  by  evaporation,  this  is 
no  proof  of  its  prior  existence,  since  the  concentration  of  the  solu- 
tion miglu  equally  cause  its  formation,  by  favouring  the  action  of 
the  sulphate  of  soda,  if  it  exist,  on  the  muriate  of  lime.  Its  sepa- 
ration by  a  j>recipitant,  by  alcohol  for  example,  even  if  it  were  ob- 
tained, is  liable  to  the  same  ambiguity  ;  a  certain  degree  of  concen- 
tration of  the  watery  solution  would  be  necessary  for  the  effect,  and 
the  further  operation  of  the  alcohol  might  be  precisely  on  the  same 
principle — diminiiliing  the  solvent  power  of  the  water,  and  thus 
aiding  the  force  of  cohesion,  in  determining  the  combination  of  the 
ingredients  whicli  form  the  least  soluble  compound.  If  a  different 
mode  of  analysis  were  had  recourse  to,  if  the  whole  lime,  for  ex- 
ample, were  precipitated  by  any  re-agent,  there  would  still  remain 
the  uncertainty  with  what  it  had  been  combined,  whether  entirely 
with  muriatic,  or  partly  with  sulphuric  acid  ;  and  there  is  no  moiie 
of  determining  this,  by  obtaining  the  other  product  of  the  action  of 
the  ve-agent,  which  would  not  be  liable  to  equal  ambiguity  ;  or,  if 
the  sulphuric  acid  were  abstracted  by  a  re-agent,   iliere  would 
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equally  be  the  uncertainty,  whether  it  had  been  previously  com- 
bined with  soda  or  lime. 

If  sulphate  of  lime  did  not  separate  when  the  water  was  reduced 
by  evaporation  so  far  that,  from  the  known  solubility  of  the  sulphate, 
the  precipitation  of  it  ought  to  take  place  to  a  certain  extent,  it 
might  be  concluded  that  it  did  not  exist.  Yet  even  this  conclusion, 
were  the  fact  found  to  be  so  (which  it  is  on  making  the  experi- 
ment), is  invalidated  by  the  result,  sufficiently  established,  that 
salts,  by  their  mutual  action,  often  increase  the  solubility  of  each 
other,  and  the  sulphate  of  lime  might,  from  this  cause,  be  retained 
dissolved  in  a  smaller  quantity  thau  it  would  require  by  itself  for 
its  solution. 

One  kind  of  proof  may  be  given,  that  of  showing  that  a  much 
larger  quantity  of  sulphate  of  soda  than  what  analysis  indicates  in 
this  water  may  exist  in  it,  without  any  precipitation  of  sulpliate  of 
lime.  I  added  to  different  portions  of  the  water  (four  ounces  each) 
5,  10,  15,  20,  and  .SO,  grains  of  sulphate  of  soda.  In  none  of  the 
experiments  was  there  any  immediate  effect ;  and  even  after  24 
hours,  there  was  no  turbid  appearance,  or  apparent  change.  In 
the  greater  number  of  these  proportions,  the  quantity  of  sulphate 
of  soda  was  more  thau  sufficient  to  convert  the  whole  muriate  of 
lime  in  the  water  into  sulphate  ;  and,  according  to  the  known  solu- 
bility of  this  sulphate,  the  quantity  of  water  was  not  sufficient  to 
retain  it  all  dissolved.  This  quantity  was  even  reduced  to  a  certain 
extent  by  e\'aporation,  without  any  precipitation.  The  result  seems 
therefore  to  prove,  that  sulphate  of  lime  had  not  been  formed,  and, 
that  sulphate  of  soda  may  exist  with  muriate  of  lime  in  solution 
without  decomposition,  in  the  state  of  dilution  which  this  mineral 
water  affords. 

Anotlier  result  which  I  obtained,  and  which  so  far  favours  the 
opinion  that  the  sulphate  of  lime  is  formed  in  the  progress  of  t!ie 
evaporation  by  the  reciprocal  action  of  sulphate  of  soda  and  muriate 
of  lime,  is,  tiiat  when  a  small  portion  of  sulphate  of  soda  has  been 
added,  the  quantity  of  sulptiate  of  lime  obtained  is  increased  :  wlien 
10  grains,  for  example,  of  crystallized  sulphate  of  soda  were  added 
to  a  pint  of  the  water,  after  evaporation  to  dryness,  four  grains  of 
suljjhate  of  lime,  which  is  double  the  proportion  that  the  water 
would  otherwise  have  yielded,  were  obtained — aftbrding  a  proof  that 
when  sulphate  of  soda  is  dissolved  in  the  water,  it  produces,  in  the 
progress  of  the  evaporation,  a  corresponding  portion  of  sulphate  of 
lime,  and  of  course  also  of  muriate  of  soda. 

These  results  do  not  absolutely  establish  the  conclusion,  that  the 
•ulphuric  acid  exists  in  this  water  in  tlie  state  of  sulphate  of  soda  ; 
yet  on  the  wliolc  this  is  the  more  probable  opinion.  If  it  be  ad- 
mitted, the  preceding  statement  of  the  ingredients,  and  their  pro- 
portions, njust  be  altered.  The  sulphate  of  lime  is  of  course  to  be 
omitted.  The  sulphate  of  soda,  which  is  to  be  substituted  for  it, 
cannot  be  obtained  by  any  metliod  ;  but  the  quantity  of  it  may  be 
inferred,  from  the  quantity  of  sulphate  of  lime  which  is  formed  by 
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its  action  on  the  muriate  of  lime.  Real  sulphate  of  lime  and  real 
sulphate  of  soda  are  very  nearly  equivalent  to  each  other  with  regard 
to  the  proportions  of  their  acid  and  base ;  so  that  the  quantity  of 
the  one  may  nearly  be  substituted  for  that  of  the  other  ;  3*5  of  sul- 
phate of  lime  being  equal  to  3*7  of  sulphate  of  soda.  But  this 
sulphate  of  lime  is  formed  at  the  expense  of  a  portion  of  muriate 
of  lime,  and  its  formation  is  accompanied  with  the  production  of  a 
little  muriate  of  soda  ;  hence  the  proportion  of  the  former  must  be 
a  little  larger,  and  that  of  the  latter  a  little  smaller,  than  have  been 
before  stated.  3*5  grains  of  sulphate  of  lime  are  equivalent  to  2'8 
of  muriate  of  lime,  which  quantity,  therefore,  is  to  be  added  to 
the  proportion  above  assigned.  The  equivalent  portion  of  muriate 
cf  soda  to  be  subtracted  is  3.  The  whole  proportion,  therefore,  will 
be  the  following  : — 

Grains. 

Muriate  of  soda 21 

Muriate  of  lime 20-8 

Sulphate  of  soda 3*7 

Carbonate  of  lime    0*5 

Oxide  of  iron ,■ O'lJ* 

46-17 

The  quantity  of  sulphate  of  lime  obtained  in  the  analysis  of  the 
Pitcaithly  water  being  so  much  smaller  than  that  in  the  Dunblane, 
it  may  perhaps  be  considered  as  an  original  ingredient ;  or  if  even 
the  opposite  view  be  adopted,  the  change  in  the  proportions,  as  in- 
dicated by  the  analysis,  is  much  less.  They  may  be  stated  as 
follows : — 

Grains. 

Muriate  of  soda 1 2*7 

Muriate  of  lime 20*2 

Sulphate  of  soda 0*9 

Carbonate  of  lime 0*5 

The  carbonate  of  lime  contained  in  both  waters  may,  it  is  ob- 
vious, according  to  the  same  view,  be  a  product  of  the  operation, 
and  may  exist  in  the  water  in  the  state  of  carbonate  of  soda.  Yet 
the  quantity  is  so  small,  and  carbonate  of  lime  is  so  generally  dif- 
fused in  the  mineral  kingdom,  that  it  may  [fcrhaps  be  regarded  as 
an  original  ingredient.  On  the  other  hand,  it  seems  to  be  nearly 
insoluble  in  water,  and  this  favours  the  supposition  that  it  is  a  pro- 
duct of  the  analysis.  It  is  unquestionably  so  in  the  mineral  waters, 
in  which  it  has  been  stated  to  exist  in  much  larger  quantity,  and  in 
which  there  is  not,  at  the  same  time,  any  excess  of  carbonic  acid, 
by  which  it  might  be  retained  dissolved. 

The  view  of  the  constitution  of  this  mineral  water  which  I  have 
now  explained,  suggested  a  method  of  analysis  which  I  may  state, 
\>Qth  as  it  accords  with,  and  in  some  measure  confirms  it,  and  illus^ 


|815.]  of  Dunllane  and  Pitcaithly,  551 

trates  some  circumstances  connected  with  the  mutual  action  of  the 
sulphate  of  soda,  and  muriate  of  lime,  to  which  I  shall  afterwards 
have  to  refer.  It  affords,  too,  an  excellent  illustration  of  the  defi- 
nite proportions  in  which  many  bodies  combine,  and  the  uniformity 
of  results  which  arc  obtained  from  their  action  on  each  other,  in 
consequence  of  this  law. 

Supposing  the  sulphate  of  lime  obtained  from  this  water  by 
evaporation  to  be  formed  by  the  action  of  sulphate  of  soda  on  a 
portion  of  its  muriate  of  lime,  it  might  be  inferred,  that  by  adding 
the  due  proportion  of  sulphate  of  soda,  the  whole  muriate  of  lime 
it  contains  may  be  converted  into  sulphate  of  lime  ;  and  this,  from 
its  insolubility,  being  easily  separated  from  the  muriate  of  soda,  the 
quantity  of  it,  and  of  course  the  quantity  of  muriate  of  lime,  will 
be  ascertained.  From  the  preceding  analysis,  IS  grains  of  muriate, 
of  lime  appear  to  exist  in  a  pint  of  the  Dunblane  water.  Now  this 
quantity  requires  for  its  decomposition  2;i-l  of  real  sulphate  of  soda; 
and  the  products  of  this  decomposition  are  22- 1  of  real  sulphate  of 
lime,  and  \\)  of  muriate  of  soda,*  The  former  of  these  products 
being  collected  and  dried,  may  be  weighed,  and  tiie  latter  being 
deducted  from  the  whole  quantity  of  muriate  of  soda  obtained  by 
evaporation,  the  remainder  will  be  the  quantity  originally  contained 
in  the  water.  The  obtaining  of  these  quantities,  therefore,  or  near 
approximations  to  them,  will  be  at  once  a  confirmation  of  the  pre- 
.ceding  analysis,  and  of  the  accuracy  of  these  proportions. 

A  pint  of  the  water  was  evaporated  to  about  one-fourth ;  the 
quantity  of  real  sulphate  of  soda  required  for  the  decomposition  of 
its  muriate  of  lime,  it  has  been  just  stated,  is  23-1  grains.  But  by 
previous  trials  I  had  found  that  a  small  excess  of  sulphate  of  soda 
renders  the  decomposition  more  complete  ;  24  grains,  obtained  by- 
exposing  crystallized  sulphate  of  soda  to  a  red  lieat,  were  tiieiefore 
added.  The  liquor  soon  became  turbid  and  thick.  I  had  also 
found,  that  to  render  the  decomposition  more  complete,  it  is  of 
advantage  not  to  evaporate  at  once  to  dryness,  but  to  add  small 
quantities  of  water  occasionally  for  some  time  during  the  boiling. 
The  experiment  having  been  conducted  in  this  manner,  a  precipi- 
tate of  sulphate  of  lime  was  collected,  which,  when  washed  and 
dried,  weighed  19  grains.  The  liquor  being  evaporated,  afforded  of 
dry  salt  51  'G  grains.  But  on  dissolving  tins  salt  in  water,  a  deposite 
of  sulphate  of  lime  remained  undissolved  ;  and  even  on  again  eva- 
porating to  dryness,  and  re-dissolving  in  water,  a  small  portion  was 
deposited  for  three  successive  times.  The  whole  quantity  of  sul- 
phate of  lime  thus  collected  amounted  to  5*8  grains,  and  of  course 
increased  the  former  quantity  of  19  to  24*8  graing.  Supposing  the 
quantity  of  sulphate  of  lime  originally  contained  in  the  water,  or 
what  is  the  same  thing,  capable  of  being  produced  in  its  evaporation 

♦  The  inspection  of  the  scale  of  chemical  equivalents  gives  at  once  these  num- 
bers; and  this  highly  useful  instrument,  lately  invented  by  Dr.  Wollaston,  facili. 
tates  greatly  all  such  rcseavchcs  by  the  number  of  results  it,|»resent»  without  thj-^ 
a«ceiiiity  of  calculation,  .    .       ^; ' 
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from  its  own  ingredients,  to  amount  to  3"8  grains,  tin's  leaves  2\ 
grains  formed  by  the  action  of  the  sulphate  of  soda  which  had  been 
added  on  the  muriate  of  lime;  and  this  is  equivalent  to  17*1  grains 
of  muriate  of  lime.  The  saline  matter  obtained  by  evaporation  of 
the  solution  weighed,  after  exposure  to  a  red  heat,  44-4  grains.  Of 
this,  supposing  it  to  be  all  muriate  of  soda,  IS  grains  would  be 
formed  by  the  action  of  the  sulphate  of  soda  on  the  muriate  of 
lime  ;  and  there  remain  26*4  grains  as  the  quantity  which  the  water 
had  contained.  This  quantity  is  rather  larger,  and  that  of  muriate 
of  lime  rather  smaller,  than  what  are  obtained  by  the  other  analyses. 
But  the  saline  matter  was  found  not  to  be  entirely  muriate  of  soda ; 
its  solution  became  turbid  on  the  addition  both  of  muriate  of 
barytes  and  of  oxalate  of  ammonia,  indicating  the  presence  of  sul- 
phuric acid  and  of  lime,  either  in  the  state  of  sulphate  of  lime  re- 
tained in  solution,  or  of  muriate  of  lime  and  sulphate  of  soda  re- 
maining undeccmposed.  ,  An  excess  of  sulphate  of  soda  of  O'D 
grain,  it  has  already  been  stated,  had  been  employed,  which  re- 
duces the  weight  of  the  salt  to  25*5  grains  ;  and  if  a  little  more  be 
subtracted  on  account  of  the  lime  it  contained,  and  be  added  to  the 
muriate  of  lime,  it  will  give  proportions  nearly  tlie  same  as  those 
before  assigned  ;  and  the  results  by  this  method  will  thus  correspond 
with  those  by  the  others. 

Having  stated  this  view  of  the  composition  of  this  water,  I  havS 
now  to  consider  it  under  a  more  general  light,  and  to  point  out  k 
few  applications  which  follow  from  it,  connected  with  the  chemicai 
constitution  of  waters  whicli  contain  similar  ingredients. 


Sulphate  of  lime  has  been  often  stated  as  an  ingredient  existing 
in  mineral  waters  with  muriate  of  soda  and  muriate  of  lime.  It  is 
almost  superHuous  to  remark,  that  it  is  probable  the  original  ingre- 
dients in  all  such  cases  are  sulphate  of  soda  and  muriate  of  lime, 
and  that  the  sulphate  of  lime  is  a  product  of  the  operation,  or  rather 
that  the  portion  of  it  equivalent  to  the  quantity  of  muriate  of  soda 
has  this  origin. 

It  is  a  curious  fact,  which  strongly  confirms  this,  that  in  almost 
all  the  analyses  of  mineral  waters  since  the  time  of  Bergman,  when 
they  can  be  presumed  to  have  been  executed  with  any  precision, 
where  sulphate  of  lime  is  an  ingredient,  nmriate  of  soda  is  also 
present.  It  is  obvious  that  if  the  sulphate  of  lime  has  this  origin, 
muriate  of  soda  must  also  be  formed.  On  the  other  hand,  in  the 
greater  number  of  those  analyses  in  which  muriate  of  soda  is  an 
ingredient,  we  find  also  sulphate  of  lime  ;  and,  vvith  the  exception 
of  the  water  of  Harrowgate,  sulpliatc  of  lime  is  always  present, 
where  muriate  of  soda  and  muriate  of  lime  are  conjoined. 

But  the  principal  interest  belonging  to  this  view  is  derived  from 
its  relation  to  a  question  which  has  often  been  brought  under  dis- 
cussion— whether  chemical  analysis  is  capable  of  discovering  the 
source:  of  the  medicinal  virtues  of  mineral  waters  ?    This  question 
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some  have  been  disposed  to  decide  in  the  negative,  from  finding 
examples  of  waters  possessed  of  active  powers,  in  which  analysis 
does  not  detect  any  ingredients  of  adequate  activitv. 

On  the  general  question,  the  remaik  by  Dr.  Saunders  is  perfectly 
just,  that,  "  considering  the  comparative  accuracy  to  which  che- 
mists are  at  present  able  to  carry  their  inquiries,  we  can  hardly 
suppose  that,  whatever  slight  error  might  occur  in  the  estimation  of 
minute  quantities,  the  actual  existence  of  any  powerful  agent  on  the 
human  body  in  any  mineral  water  should  escape  the  nicety  of  re- 
search." Yet  though  this  is  just,  and  though  we  can  have  no  hesi- 
tation in  rejecting  the  opinion  which  would  ascribe  the  medicinal 
qualities  of  mineral  waters  to  unknown  or  mysterious  causes,  or 
which  would  deny  all  power  to  those  in  which  an  active  chetnical 
composition  cannot  be  discovered,  difficulties  on  this  subject  un- 
.doubtedly  exist,  and  there  is  some  room  for  that  scepticism  which 
has  been  extended  to  this  department  of  the  Materia  Medica. 

Of  this  no  better  example  can  be  given  than  the  celebrated  Bath 
water.  It  has  always  been  found  difficult  to  account  for  its  powers, 
the  ingredients  which  are  obtained  in  its  analysis  being  substances 
of  little  activity,  and  the  principal  ones,  indeed,  beincr  apparently 
inert.  It  contains  in  an  English  pint,  along  with  a  slight  impreg- 
nation of  carbonic  acid,  about  nine  grains  of  sulphate  of  lime, 
three  grains  of  muriate  of  soda,  three  grains  of  sulphate  of  soda, 
T?5-ths  of  a  grain  of  carbonate  of  lime,  i-th  grain  of  silica,  and  ^th 
grain  of  oxide  of  iron.  Now  from  these  ingredients  unquestionably 
no  medicinal  power  of  any  importance  could  be  expected.  They 
are  either  substances  altogether  inert,  or  are  in  quantities  so  minute, 
as  in  the  dose  in  which  the  water  is  taken  to  be  incapable  of  pro- 
ducing any  sensible  effect.  Some  have  from  this  circumstance  been 
disposed  to  deny  altogether  any  virtues  to  these  waters ;  but  the  re- 
verse of  this  appears  to  be  established  by  sufficient  evidence,  and 
what  is  still  less  equivocal,  the  injurious  effects  they  sometimes  pro- 
duce, and  the  precautions  hence  necessary  in  their  use,  sufficiently 
demonstrate  their  active  powers.  To  account  for  these,  therefore, 
various  hypotheses  have  been  proposed.  The  observation  has  been 
urged,  which  to  a  certain  extent  is  undoubtedly  just,  that  substances 
given  in  small  doses  in  a  state  of  great  dilution  may  from  this  dilu- 
tion produce  more  effect  on  the  general  system  than  the  quantity 
given  would  lead  us  to  expect.  The  temperature  of  the  water,  too, 
it  has  been  supposed,  may  have  a  considerable  share  in  aiding  the 
effect;  and  these  two  circumstances  in  particular,  it  has  been 
imagined,  may  favour  the  action  of  the  iron.  This  is  the  view  of 
the  subject  given  by  Dr.  Saunders,  in  his  Treatise  on  Mineral 
Waters.  Some  of  the  other  ingredients,  too,  it  has  been  supposed, 
may  exert  unknown  powers.  Thus  some  effect  has  been  ascril)ed 
to  the  agency  of  the  nitrogen  gas  which  rises  through  the  water  : 
and  Dr.  Saunders  himself,  apparently  not  very  well  satisfied  with 
the  reasoning  he  had  employed,  allows  some  weight  to  the  opinion 
suggested  by  Dr.  Gibbes,  that  the  siliceous  earth  assists  in  the  Kcne- 
VoL.  VI.  N°  V.  Z 
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ral  effect  of  the  Bath  waters  ; — remarking,  that  though  there  k 
only  a  grain  of  it  in  half  a  pint  of  the  water,  this  forms  no  objec- 
tion, when  the  great  powers  of  very  minute  quantities  of  active 
substances  are  considered ;  that  neither  is  its  insolubility  in  the 
animal  fluids  an  objection,  as  it  exists  in  the  water  in  a  state  of  solu- 
tion ;  and  that  though  it  has  neither  taste  nor  smell,  it  may  be  an 
active  substance,  since  there  are  indisputably  powerful  medicines 
which  have  little  of  either  of  these  quaUties. 

All  this,  it  is  superfluous  to  observe,  is  extremely  unsatisfactory. 
With  regard  1o  the  iron,  the  only  active  substance — allowing  full 
weight  to  the  observations  that  small  quantities  of  active  medicines 
under  great  dilution  operate  with  increased  power,  and  that  a  high 
temperature  may  aid  their  operation  on  the  stomach — still  we  can- 
not believe  that  one-sixtieth  of  a  grain,  the  quantity  in  a  pint  of 
this  water,  can  produce  any  important  medicinal  effect :  and  with 
regard  to  the  other  substances,  the  reasoning  whence  tlieir  possible 
operation  has  been  inferred,  instead  of  removing  the  difficulty, 
rather  places  it  in  a  clearer  light. 

The  view  of  the  constitution  of  mineral  waters  stated  above 
enables  us  to  assign  to  the  Bath  water  a  much  more  active  chemical 
composition.  There  is  every  probability  that  muriate  of  lime  is  its 
powerful  ingredient.  The  principal  products  of  its  analysis  are  sul- 
phate of  lime,  muriate  of  soda,  and  sulphate  of  soda.  The  pro- 
portion of  sulphate  of  lime  is  such,  that  part  of  it  must  pre-exist  in 
the  water,  but  part  of  it,  there  is  reason  to  conclude,  is  a  product 
of  the  analysis ;  the  muriate  of  soda  is  entirely  so,  and  t}>e  quantity 
of  sulphate  of  soda  is  larger  than  what  the  analysis  indicates.  In 
other  words,  there  exist  in  it  muriate  of  lime,  sulphate  of  soda,  and 
sulphate  of  lime ;  and  during  the  evaporation,  the  muriate  of  lime 
being  acted  on  by  a  portion  of  the  sulphate  of  soda,  muriate  of  sod» 
and  a  corresponding  portion  of  sulphate  of  lime  are  formed. 

On  the  probability  of  this  view  I  need  not,  after  the  preceding 
illustrations,  offer  any  observations.  The  obtaining  certain  saline 
compounds  fiom  a  mineral  water  by  evaporation  leads  no  doubt  at 
first  to  the  conclusion  that  they  are  its  ingredients ;  it  is  the  conclu- 
sion, accordingly,  which  has  hitherto  been  always  drawn,  and  we 
are  disposed  to  regard  this  as  evidence  establishing  this  conclusion, 
in  some  measure,  in  opposition  to  any  different  view  of  the  compo- 
sition. But  this  is  merely  oversight  or  prejudice.  If  it  can  be 
shown  that  the  elements  of  these  compounds  may  equally  exist  ir» 
the  water  in  a  difierent  state  of  combination,  which  the  evaporation 
must  change,  the  conclusion  that  they  do  exist  in  such  a  state  is 
a  priori  as  probable  as  the  conclusion  that  they  exist  in  the  state  in 
which  they  are  actually  obtained.  It  is  demonstrable  that  if  muriate 
of  lime  and  sulphate  of  soda  exist  in  a  mineral  water,  or,  what  is 
even  less  ambiguous,  if  they  be  dissolved  together  in  pure  water, 
they  must  by  evaporation  be  obtained,  as  muriate  of  soda  and  sul- 
phate of  lime.  The  actual  obtaining,  therefore,  of  these  latter 
compounds  is  no  proof  that  they  pre-existed  as  such  in  the  wateyj. 
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to  the  exclusion  of  the  opposite  view.  Which  conclusion  is  to  be 
adopted,  must  be  determined  on  other  grounds;  and  from  the 
various  facts  I  have  stated,  I  believe  it  may  be  regarded  as  tlie  more 
probable  opinion  in  such  cases,  that  the  original  intfredients  are  sul- 
phate of  soda  and  muriate  of  lime.  Since  sulphate  of  soda  exists 
in  the  Bath  water,  and  since  muriate  of  soda  and  sulphate  of  lime 
are  obtained  in  its  analysis,  it  is  scarcely  possible  to  refuse  assentino- 
to  the  conclusion  that  these  are  formed  by  the  action  of  sulphate  of 
soda  on  muriate  of  lime. 

On  this  view  of  the  composition  of  the  Bath  water,  it  is  easy  to 
assign  the  proportions  of  the  ingredients,  f  om  the  products  which 
are  obtained  in  its  analysis.  In  the  formstron  of  3-3  grains  of  mu- 
riate of  soda,  which  is  the  quantity  obta-ned  from  a  pint  of  the 
water,  3-1  grains  of  muriate  of  lime  must  be  decomposed:  four 
grains  of  sulphate  of  soda  would  be  required  to  produce  this  de- 
composition ;  and  at  the  same  time  3*8  grains  of  sulphate  of  lime 
would  be  formed. 

The  latest,  and  no  doubt  the  most  accurate,  analysis  of  the  Bath 
water,  that  by  Mr.  Phillips,  gives  the  following  view  of  its  compo- 
sition. 

In  an  English  pint — ■ 

Carbonic  acid    1-2  inches 

Sulphate  of  lime 5)    grains 

Muriate  of  soda    3-3 

Sulphate  of  soda , . . .  i-s 

Carbonate  of  lime     0*8 

Silica     0*2 

Oxide  of  iron    a 


6  8 


^  But,   considering  the  composition  according  to  the  preceding 
view,  the  ingredients  and  their  proportions  will  be. 

Carbonic  acid    1*2  inch 

Sulphate  of  lime 5'2  grains 

Muriate  of  lime    3-1 

Sulphate  of  soda 5*5 

Carbonate  of  lime     0*8 

Silica     , 0*2 

0.\ide  of  iron    >„ 

The  peculiarity  in  the  composition  of  the  Bath  water,  compared 
with  the  greater  number  of  saline  mineral  waters,  is  that  it  contains 
a  larger  quantity  of  sulphate  of  soda  than  is  necessary  to  convert  its 
muriate  of  lime  info  sulphate  of  lime.  Hence  no  muriate  of  lime 
is  obtained  after  evaporation  in  its  analysis ;  hence  even  a  portion  of 
sulphate  of  soda  is  indicated  ;  and  hence  the  large  proportion  of 
siJlphate  of  lime  which  that  analysis  yields.  In  the  Dunblane  and 
Pitcaithly  waters  the  sulphate  of  soda  is  deficient,  the  muriate  of 
lime  is  in  large  quantity,  and  is  accompanied  with  muriate  of  soda : 
hence  the  entire  want  of  sulphate  of  soda,  the  small  quantity  of 
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sulphate  of  lime,  and  the  large  proportion  of  muriate  of  lime  in 
their  analyses. 

Muriate  of  lime,  it  is  well  known,  is  a  substance  of  considerable 
power  in  its  operation  on  the  living  system  ;  in  quantities  which  are 
even  not  large,  it  proves  fatal  to  animals.  When  taken  to  the  extent 
of  sis  grains,  the  quantity  of  it  which,  according  to  tiie  preceding 
view,  exists  in  a  quart  of  the  Bath  water,  it  cannot  be  inactive. 
It  is  very  probable,  too,  that  a  giv^n  quantity  of  it  will  prove  much 
more  active  in  a  state  of  great  dilution  in  water  than  in  a  less  diluted 
form,  as  in  this  diluted  state  it  acts,  when  received  into  the  sto- 
mach, over  a  more  extended  surface ;  and  b'  sides  thi?,  whatever 
effect  may  be  due  to  the  high  temperature  of  the  Bath  water  in 
aiding  the  operation  of  the  minute  portion  of  iron  it  contains,  the 
same  effect  must  be  equally  obtained  in  aiding  the  operation  of  the 
much  larger  quantity  of  muriate  of  lime.     The  conclusion,  indeed, 
as  to  the  importance  of  this  effect,  is  much  more  probable  with 
regard  to  the  muriate  of  lime  than  to  the  iron ;  for  supposing  the 
quantity  of  the  former  to  exist  in  the  Bath  water  which  has  been 
assigned,  the  dose  of  it  taken  in  a  quart  of  the  water  is  not  far  from 
its  proper  medium  dose,  and  is  at  least  equal  to  one-half  the  largest 
dose  which  can  be  given,  and  continued  without  producing  irrita- 
tion ;  while  the  dose  of  the  iron  is  not  the  one-hundredth  of  that 
which  is  usually  prescribed.     Under  the  circumstances,  therefore, 
in  which  the  muriate  of  lime  is  presented  in  the  Bath  water,  it  is 
reasonable  to  infer  that  it  must  be  productive  of  considerable  imme- 
diate effect. 

The  speculation  is  further  not  improbable,  that,  to  produce  its 
more  permanent  effects  on  the  system  as  a  tonic,  it  is  necessary  it 
should  enter  into  the  circulation.  In  a  dilute  state  of  solution  it 
may  pass  more  easily  through  the  absorbents ;  while  in  a  more  con- 
centrated state  it  may  be  excluded,  and  its  action  confined  to  the 
bowels.  Hence  the  reason,  perhaps,  that  in  some  of  the  diseases  in 
which  it  is  employed,  scrofula  particularly,  it  has  frequently  failed, 
its  exhibition  having  been  in  doses  too  large,  and  in  too  concentrated 
a  form.  And  hence  it  is  conceivable  that  in  a  more  dilute  state,  as 
that  in  which  it  may  exist  in  the  Bath  water,  besides  its  immediate 
operation,  it  may  produce  effects  as  a  permanent  tonic  more  im- 
portant than  we  should  otherwise  expect.* 
.  I  may  add  that  the  iron  in  the  Bath  water  is  probably  not  in  the 
state  of  oxide  or  carbonate,  as  has  been  supposed,  but  in  that  of 
muriate.  The  muriate  is  the  most  active  preparation  of  iron,  and 
so  far  increased  activity  may  be  given  to  the  slight  chalybeate  im- 
pregnation ;  and  some  modification  of  power  may  even  be  derived 

*  I  "may  mention  in  confirmation  of  this  that  I  found  a  minpral  water  of  consi- 
derable celebrity  in  Yorkshire,  that  of  Ilkley,  and  which  in  particular  was  held 
in  hish  estimation  as  a  lemeriy  in  scrofulous  affections  by  several  eminent  medical 
practitioners  to  be  water  uncommonly  free  from  all  foreign  matter,  with  the  ex- 
reptftin  of  very  minute  quantities  of  muriate  of  soda  and  muriate  of  lime.  I  had 
Jhe  o^tportunity  of  observing,  at  the  same  time;  proofs  of  its  medicinal  efficacy. 
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from  the  combined  operation  of  muriate  of  lime  and  muriate  of 
iron. 

It  deserves  to  be  remarked,  that  in  the  most  essential  ingredients, 
the  muriate  of  lime  and  the  iron,  the  Dunblane  and  Pitcaithly 
waters  are  similar  to  the  Eath  water,  only  with  regard  to  the  former 
ingredient  much  stronger  ;  the  other  differences  are  unimportant  j 
the  larger  quantity  of  sulphate  of  lime,  and  the  small  quantity  of 
silica  in  the  latter,  cannot  be  supposed  to  contribute  any  thing  to 
its  medicinal  operation;  the  difference  in  the  proportion  of  sulphate 
of  soda  is  trivial,  and  the  larger  proportion  of  muriate  of  soda  in 
the  other  waters  may  rather  be. an  atlvantage,  rendering  them  more 
agreeable  to  tiie  taste  and  to  the  stomach.   The  principal  difference 
will  therefore  be  that  of  strength  with  regard  to  the  most  active  in- 
gredient, the  muriate  of  lime.     The  quantity  of  this  is  so  large  that 
tiie  tonic  quality  of  the  Dunblane  or  the  Pitcaithly  waters  can 
scarcely  be  observed,  and  perhaps  ev^n  scarcely  obtained,  their 
action  being  more  peculiarly  on  the  bowels.     It  is  accordingly  as  a 
saline  purgative  ihat  the  Pitcaithly  water  has  been  celebrated;  and 
it  is  principally  in  those  diseases  in  which  this  effect  is  sought  to  be 
obtained  that  it  has  been  used.     The  Dunblane  water,  from  the 
similarity  of  its  operation,  would  no  doubt  be  employed  in  diseases 
of  a  similar  kind.     But  whatever  advantagie  might  be  derived  from 
this  purgative  effect,  it  cannot  fail  to  be  perceived  that  a  different 
operation,  not  less  useful,  may  be  obtained  from  them.     If  suffi- 
ciently diluted,  so  as  to  avoid  altogether  the  operation  on  the  bowels, 
the  stimulant  operation  on  the  stomach  and  general  system   might 
be  exerted  by  these  waters,  similar  to  that  of  the  Bath  waters,  and 
under  this  form  they  might  prove  useful  in  diseases  very  different 
from  those  in  vvhicli  they  might  otherwise  be  employed.     As  they 
would  require,  too,  large  dilution  to  reduce  them  to  this  state,  the 
temperature  of  the  Bath  water  might  easily  be  given,  by  adding 
the  requisite  proportion  of  hot  water,  by  which  a  greater  similarity 
of  operation  would  be  obtained.     And  the  Dunblane  water  in  par- 
ticular, containing  so  much  larger  a  proportion  of  iron  than  tbe 
Bath  water  does,  the  dilution  requisite  to  give  it  the  same  strength, 
with  regard  to  the  muriate  of  lime,  would  still  leave  an  equal  degree 
of  chalybeate  impregnation.     If  the  preceding  observations,  there- 
fore, are  just,  the  Dunblane  and  Pitcaithly  waters  may  be  con- 
verted, in  all  the  essential  parts  of  the  cheniicai  composition,  into 
a  water  similar  to  that  of  B«th. 

From  the  prcce<ling  statement  of  thehr  coRiposition,  it  is  easy  to 
discover  how  this  may  be  done.  To  give  the  same  proportion  of  the 
principal  ingredient,  ihe  muriate  of  lime^  the  Dunblane  water 
would  require  to  be  diluted  with  from  six  to  seven  parts  of  pure 
water;  the  same  degree  of  dilution  would  bring  it  to  nearly  the 
same  strength  with  regard  to  the  iron  ;  if  a  pint  of  it  were  diluted 
with  this  portion  of  water,  about  35  grains  of  sulphate  of  soda 
would  require  to  be  added,  to  render  the  composition,  with  regard 
to  this  ingredient,  perfectly  alike,  if  this  were  thotight  essejotiid. 
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The  only  remaining  differences  would  then  be  the  presence  of  about 
2*8  grains  of  muriate  of  soda  in  each  pint  of  the  reduced  Dunblane 
water,  the  dcficieijcy  of  5-5  grains  of  sulphate  and   0"7   grain   of 
carbonate  of  lime,  and  the  absence  of  0'2  grain  of  siliceous  earth, 
differences  in  all  respects  probably  of  no  importance  whatever.  The 
simple  expedient,  indeed,  ot  diluting  one  part  of  the  Dunblane 
y  water  with  from  six  to  seven  parts  of  warm  water  (or  if  the  sulphate 
of  lime  in  a  state  of  solution  should  be  supposed  to  be  possessed  of 
any  active  power,  with  four  or  five  parts)  and  adding,  if  the  chaly- 
beate impregnation  were  not  found  sufficiently  active,  a  few  drops 
of  tincture  of  muriate  of  iron,  would  probably  serve  every  purpose. 
And  if  sufficient  confidence  could   be  given  to  the  substitution  on 
the  part  of  those  employing  these  waters  medicinally,  the  Dunblane 
water,  thus  altered,  might  probably  be  taken  with  as  much  advan- 
tage as  the  Bath  water  in   the  diseases  in  which  it  has  been  found 
useful.  ^ 

It  is  obvious,  too,  that  if  the  artificial  preparation  of  the  Bath 
water  were  attempted,  it  could  he  done  much  more  eru-iiy  according 
to  this  view  than  by  endeavouring  to  dissolve  the  actual  products  o& 
its  nna!y=is,  which  indeed  it  would  be  impracticable  to  do.  Muriate 
of  lime  and  sulphate  of  soda  dissolved  in  water  of  the  due  tempera- 
ture, with  the  addition  of  a  minute  portion  of  muriate  of  iron, 
would  probably  afford  a  composition  approaching  as  nearly  to  the 
flatural  composition  as  is  either  practicable  or  necessary  in  the  imi- 
tation of  any  mineral  water. 

A  similar  view  may  be  taken  of  tire  composition  of  Cheltenham 
water.     Its  analysis  affords  sulphate  of  soda,  sulphate  of  magnesia, 
and  sulphate  of  lime,  with  muriate  of  soda,  muriate  of  magnesia, 
carbonate  of  magnesia,  and  oxide  of  iron.     There  is  no  just  reason, 
however,  to  infer  with  certainty  that  all  these  are  its   real  ingre- 
dients.    It  is  as  probaldc,  and  indeed  more  so,  that  previous  to  the 
evaporation  by  which  they  are  obtained  it  contains  muriate  of  lime, 
which  being  acted  on  by  the  sulphate  of  soda  forms  muriate  of  soda 
and  sulphate  of  lime.     It  is  even  not  improbable  tliat  the  carbonate 
naturally  existing  in  the  water  is  not  carbonate   of  magnesia,  but 
carbonate  of  soda,  which  re-acting,  from  the  concentration  by  the 
evaporation,  on  sulphate  or  muriate  of  magnesia,  causes  the  pro- 
duction of  the  carbonate  of  magnesia  with  a  corresponding  j;ortion 
of  sulphate  or  muriate  of  soda  ;   or  what  is  equally  probable,  and 
presents  the  same  ultimate  results,  *the  sulphate  of  magnesia  may 
in  the  progress  of  the  evaporation  be  first  acted  on  by  the  carbonate 
of  soda,  forming  carbonate  of  magnesia  and  sulphate  of  soda;  and 
the  sulphate  of  soda,  during  the  further  concentration,  may  act  on 
the  muriate  of  lime,  and  form  muriate  of  soda  and  sulphate  of  lime. 
It  is  much  more  probable,  indeed,  from  the  known  msolubility  of 
carbonate  of  magnesia,  that  it  Is  produced  in  this  way,  than  that  it 
should  exist  in  a  state  of  solution  in  so  large  a  quantity  asthat  in 
which  it  is  afforded  by  the  evaporation.     And  tims  this  water  will 
present  a  striking  example  that  the  real  ingredients  of  a  mineral 
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■vyater  a»d  their  proportions  may  be  very  diflferent  from  those  ob- 
tained by  the  direct  analysis;  for  it  is  too  obvious,  after  the  pre- 
ceding observations,  to  require  illustration,  that  the  actual  produc- 
tion of  certain  ingredients  by  evaporation,  or  any  other  analytic 
process,  is  vm  certain  proof  that  they  pre-existed  in  the  water.  It 
is  obvious,  too,  that  if  it  were  proposed  to  imitate  the  Cheltenham 
water  by  artificial  preparation,  it  could  be  done  much  more  easily 
according  to  this  view  than  by  attempting  to  dissolve  the  ingredients 
obtained  by  the  analysis — an  attempt,  indeed,  which  would  not 
succeed.  Tiie  Dunblane  or  Pitcaithly  water  might  be  converted, 
so  far  as  regards  the  saline  ingredients,  into  a  water  similar  to  that 
of  Cheltenham,  by  the  addition  of  a  little  sulphate  of  magnesia,  or 
more  nearly  by  the  addition  of  a  little  of  the  bittern  of  sea  water; 
and  where  in  the  use  of  these  waters  a  continued  purgative  opera- 
tion is  required,  such  an  addition  might  always  be  made  with  ad- 
vantage. Thev  might  even  be  made  to  receive  the  impregnation  of 
carbonic  acid  of  the  Cheltenham  watery  by  adding  the  magnesia  in 
the  state  of  carbonate,  with  ihe  due  proportions  of  sulphuric  and 
muriatic  acids  in  a  close  vessel. 

The  water  of  Harrowgate  affords  in  its  saline  ingredients  another 
illustration  of  the  same  views.  The  principal  ingredient  is  muriate 
of  soda,  with  which  are  present  muriate  of  magnesia,  muriate  of 
lime,  sulphate  of  magnesia,  carbonate  of  magnesia,  and  carbonate  of 
lime.  Now  nothing  is  more  probable  than  that  the  last  two  sub- 
stances are  not  original  ingredients,  but  are  products  of  the  analysis 
formed  by  the  action  of  carbonate  of  soda  existing  in  the  water  on 
portions  of  its  muriate  of  magnesia-md  muriate  of  lime,  whence 
also  the  quantity  of  muriate  of  soda  is  increased. 

Lastly,  a  similar  view  may  be  extended  to  some  of  the  most  cele- 
brated foreign  mineral  springs.  Those  of  Spa,  Pyrmont,  and 
Seltzer,  form  a  very  valuable  order  of  mineral  waters,  to  which  we 
have  none  analogous  in  this  country — what  have  been  called  the 
alkaline  carbonated  waters,  distinguished  by  the  leading  character 
of  being  largely  impregnated  with  carbonic  acid  gas,  and  containing 
a  considerable  proportion  of  carbonate  of  soda.  With  this  are 
associated  carbonate  of  magnesia,  carbonate  of  lime,  and  muriate  of 
soda.  Now  this  association  of  muriate  of  soda  with  these  earthy 
carbonates,  while  there  is  also  carbonate  of  soda  present,  leads 
almost  necessarily  to  the  belief  that  the  real  ingredients  are  car- 
bonate of  soda,  muriate  of  magnesia,  and  muriate  of  lime  ;  that  the 
carbonate  of  soda  is  in  larger  proportion  than  what  is  indicated  by 
the  analysis ;  that  it  acts  during  the  evaporation  of  the  water  on  the 
muriates  of  magnesia  and  lime,  and  forms  the  carbonates  of  these 
earths  which  are  obtained  with  corresponding  portions  of  muriate  of 
soda :  and  that  it  is  only  what  muriate  of  soda  there  may  be  above 
this  that  exists  as  an  original  ingredient. 

The  Seltzer  water,  which  is  the  purest  of  this  order  of  waters,  as 
containing  neither  iron  nor  any  sulphate,  affords  in  particular  a  very 
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-excellent  illustration  of  this.     It  contains,  according  to  Bergman'a 
analysis,  in  an  English  pint, 

Carbonic  acid  gas 17  cub.  in. 

Carbonate  of  lime 3  grains 

Carbonate  of  magnesia 5 

Carbonate  of  soda 4 

Muriate  of  soda 1 7'5 

But  adopting  the  opposite  view,  the  composition,  so  far  as  the 
tincertainty  of  the  £tate  of  the  products,  to  which  Bergman's  esti- 
mate is  referred,  admits  of  calculating  the  proportions,  will  be, 

Carbonic  acid  gas    17     cub.  in. 

Muriate  of  lime   3-3  grains 

Muriate  of  magnesia    5 

Muriate  of  soda 7'8 

Carbonate  of  soda 10*3  dry,  or  IS  crystallized.* 

It  might  be  supposed  that  so  large  a  proportion  of  carbonate  of 
soda  could  not  exist  with  the  muriates  of  magnesia  and  lime  without 
decomposing  them,  that  this  view  of  the  constitution  of  this  water 
is  therefore  precluded,  and  that  Bergman's  is  just.  And  in  this  case 
the  non-precipitation  of  the  carbonates  of  magnesia  and  lime  may 
he  supposed  to  be  owing  to  the  solvent  power  of  the  excess  of  car- 
bonic acid ;  to  which  cayse,  accordingly,  it  has  been  ascribed.  But 
on  making  the  experiment,  I  found  that  the  above  quantities  might 
be  dissolved  in  a  pint  of  water,  independent  of  the  presence  of  the 
excess  of  carbonic  acid,  without  any  apparent  decomposition,  the 
solution  being  transparent,  and  remaining  so  on  exposure  to  the  air. 
The  sarne  fact  has  even  been  observed  with  regard  to  the  natural 
•water;  for  although  on  exposure  to  the  air  it  becomes  viipid,  and  its 
taste  is  merely  sensibly  alkaline,  the  carbonates  are  not  precipitated ; 
the  precipitation  takes  place  only  when  heat  is  applied,  so  as  to 
evaporate  the  water  to  a  certain  extent :  and  with  regard  to  this,  a 
fact  is  mentioned  by  Bergman  not  less  conclusive.  The  carbonate 
of  lime  is  first  deposited,  with  scarcely  any  mixture  of  carbonate  of 
magnesia  ;  the  latter  separates  only  by  continued  evaporation  ;  and 
it  is  even  necessary  to  evaporate  to  dryness,  and  redissolve  in  hot 

*  The  following  is  tlie  calculatiou  fiom  which  these  proportions  are  assigned. 
Three  grains  of  carbonate  of  lime  are  equivalent  to  3'3  of  real  muriate  of  lime : 
five  grains  of  carbonate  of  magnesia  in  the  slate  in  which  it  was  obtained  by 
Beiguian,  that  is,  the  ponder  precipitated  and  dried,  are  equivalent  to  five  grains 
of  real  muriate  of  magnesia.  In  converting  the  first  of  these  muriates  into  car- 
bonate, 3-2  grains  of  dry  common  carbonate,  or  subcarbonate  of  soda,  v»'ould  be 
expended;  and  in  the  conversion  of  the  second  muriate,  5-7  grains,  makinsr  8"9 
grains,  to  which  are  to  be  added  1-4  grain,  the  quantity  contained  in  the  four 
grains  of  the  crystallized  carbonate  obtained  as  the  direct  product  of  the  analysis, 
mulvins  in  all,  as  stated  above,  lO'S  grains.  Lastly,  in  these  decompositions  of 
the  taiiiiv  iiiuriaies,  9"7  iirains  of  muriate  of  soda  would  be  formed,  which,  de- 
ducted from  the  17-5  obtained  in  the  aualjsis,  leaves  7  8a»tlie  quantity  which  th^ 
water  really  cuulains. 
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water,  to  obtain  it  entirely — proving  that  it  does  not  pre-exist  in  the 
water  dissolved  by  an  excess  of  carbonic  acid,  but  that  it  is  produced 
during  the  evaporation,  and  must  thereibre  be  formed  by  the  action 
of  carbonate  of  soda  on  muriate  of  magnesia. 

This  view  of  the  composition  of  this  water  accords  much  better 
than  the  other  both  with  its  sensible  qualities  and  its  medicinal 
powers.  Its  ta^te  after  the  carbonic  acid  has  escaped  from  it,  on 
exposure  to  tlie  air,  is  rather  strongly  alkaline,  which  would  scarcely 
be  the  case  if  it  contained  only  four  grains  of  crystallized  carbonate 
of  soda  in  a  pint,  but  wliich  is  to  be  expected  if  it  contain  18  grs. 
It  operates  as  an  antacid  and  diuretic,  and  is  productive  of  much 
benefit  in  all  dyspeptic  affections,  in  diseases  of  the  urinary  organs, 
and  in  those  general  affections  of  the  system  which  require  a  mild 
tonic  power.  There  are  few  mineral  waters,  Dr.  Saunders  observes, 
which  have  acquired  a  higher  reputation;  and  there  are  few,  he 
adds,  that  deserve  greater  consideration,  from  the  real  medicinal 
virtues  it  possesses.  It  will  be  difficult  to  give  a  satisfactory  account 
of  the  origin  of  these  virtues  if  we  regard  ii  as  water  impregnated 
with  carbonic  acid,  holding  in  solution  so  minute  a  portion  of  car- 
bouate  of  soda,  with  the  larger  proportions  of  muriate  of  soda  and 
carbonates  of  magnesia  and  lime.  But  if  we  consider  it  as  contain- 
ing along  with  its  free  carbonic  acid  a  considerable  quantity  of  car- 
bonate of  soda,  with  smaller  proportions  of  muriate  of  soda,  muriate 
of  magnesia,  and  muriate  of  lime,  we  assign  to  it  a  composition  of 
much  greater  power,  and  adequate  to  account  for  the  effects  it  pro- 
duces. Such  is  the  activity  of  this  water,  that  its  medium  dose  is 
only  half  an  English  pint,  a  degree  of  power  which  accords  much 
better  with  the  one  view  of  its  composition  than  with  the  other.* 

Large  quantities  of  Seltzer  water  have  been  imported  into  this 
country,  and  artificial  preparations  of  it  are  in  frequent  use.  If 
these  are  founded  on  Bergman's  view  of  its  composition,  they  can 
scarcely  succeed  ;  probably,  therefore,  this  is  not  attempted.  The 
view  which  1  have  suggested  renders  its  artificial  preparation  much 
more  easy.  The  ingredients  may  be  dissolved  in  water,  and  the 
solution  impregnated  with  carbonic  acid  gas  j  or,  what  is  easier, 

♦  The  water  of  Malvern  may  be  regarded  as  of  similar  composition,  only  much 
weaker,  and  without  any  free  carbonic  acid.  Dr.  Wilson's  analysis  gives  the  fol- 
lowing ingredients,  and  their  proportions  in  a  gallon  : — 

Grains. 

Carbonate  of  soda 5-33 

lime   ,   1-6 

• magnesia 0-9199 

iron  0  625 

Sulphate  of  soda  2'896 

Muriate  of  soda 1'553 

Residuum    1  ti87 

The  muriate  of  soda,  there  is  every  probability,  is  a  product  of  the  operation, 
formed  by  the  action  of  carbonate  of  soda  on  muriate  of  lime;  or  if  sulphate  of 
lime  formed  part  of  the  residuum,  as  is  probable,  by  the  action  of  suluhale  of  sod* 
i>D  muriate  of  lime. 
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these  steps  of  the  process  may  be  conjoined.  The  muriate  of  lime 
may  be  formed  by  adding  the  requisite  quantity  of  carbonate  of  lime 
to  the  due  jjroportion  of  muriatic  acid  diffused  in  water,  and  the 
vessel  being  closed,  the  escape  of  the  carbonic  acid  gas  may  be  pre- 
vented. Tlie  muriate  of  magnesia  and  the  muriate  of  soda  may  be 
formed  in  a  similar  manner  from  the  carbonates  of  magnesia  and 
soda.  And  the  quantity  of  carbonic  acid  thus  afforded  will  be  very 
nearly  that  wiiich  is  required.  To  form  the  muriate  of  lime,  three 
grains  of  carbonate  are  to  be  used;  to  form  the  muriate  of  mag- 
resiii,  five  grains  of  the  carbonate  of  that  earth  ;  and  to  form 
the  7*8  graius  of  muriate  of  soda,  12*3  grains  of  crj^stallized  car- 
bonate of  soda.  These  quantities  contain  6'-2  grains  of  carbonic  acid, 
or  I.',  cubic  inches,  a  quantity  not  much  beneath  that  which  the 
Seltzer  water  contains.  The  neutral  carbonate  of  soda,  or  bi-car- 
bonate,  as  it  is  named,  may  even  be  substituted  in  the  preparation ; 
and  if  the  due  proportion  of  tins  be  used  (11  grains),  it  will  yield 
six  cubic  inches  additional,  making  the  whole  quantity  19  cubic 
inches,  two  more  than  the  quantity  in  the  water.* 

I  might  apply  the  same  view  to  a  number  of  other  analyses  of 
mineral  waters,  even  the  most  recent.  But  though  this  would  not 
be  altogether  uniiileresting,  it  is  scarcely  necessary  to  extend  the 
illustration  further.  The  general  conclusion  may,  I  believe,  be 
drawn,  that  in  the  analysis  of  saline  mineral  svaters,  the  actual  pro- 
ducts of  the  analytic  operation  are  not  always  to  be  regarded  as  the 
real  ingredients.  A  different  view  of  the  composition  is  often  to  be 
taken,  and  may  in  many  cases  be  applied,  so  as  to  afford  a  more 
satisfactory  solution  of  their  active  powers. 

I  mav  only  further  remark,  that  a  view  somewhat  different  may 
also  be  applied,  founded  on  the  doctrine  that  the  primary  ingre- 
dients of  the  compound  salts,,  obtained  by  the  analysis  of  mineral 
waters,  are  in  simultaneous  combination,  and  not  in  the  state  of 
binary  compounds.  Even  this  view,  were  it  adopted,  would  afford 
a  better  explanation  of  their  active  powers  than  the  view  of  their 
composition  which  is  usually  received,  since  it  could  not  at  least  be 
affirmed  that  such  a  combination  must  be  inactive.  The  opinion 
itself,  however,  is  much  less  probable  ;  for  if  fairly  followed  out,  it 
leads  to  the  conclusion  that  all  combinations  of  compound  bodies 
are  simultaneous  combinations  of  the  primary  elements — a  conclu- 
sion from  which  no  inference  with  regard  to  specific  qualities  could 

*  The  following  is  (he  easiest  method  of  conducting  the  process.  About  35 
jcrains  of  muriatic  acid,  of  the  strength  usually  met  with  in  the  shops,  are  put 
into  a  strong  bottle  with  a  pint  of  water  ;  the  acid  being  introduced  at  the  bottom 
of  the  water  by  a  long  funnel.  Tliree  grains  of  pure  white  marble,  in  coarse 
powder,  are  dropped  in,  and  the  bottle  is  closed.  When  these  are  dissolved,  five 
grains  of  the  common  carbonate  of  magnesia  in  powder  are  added,  and  after  the 
solution  of  thi?,  32  grains  of  crystallized  carbonate  of  soda,  or  what  is  equivalent 
to  this,  and  preferable,  as  affording  more  carbonic  acid,  27  grains  of  bicarbonate 
of  soda,  are  put  in.  The  bottle  is  closed  accurately,  shaken,  and  inverted.  In  a 
short  time  a  perfect  solution  takes  place,  and  a  liquor  is  obtained  transparent, 
which  sparkles  when  poured  out,  and  has  a  pleasant  taste. 
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be  drawn,  and  which  is  inconsistent,  therefore,  with  the  concUision3 
whidi  in  many  cases  we  are  able  actually  to  form.  We  are  led, 
therefore,  to  the  admission,  that  the  state  of  binary  combinations 
exist  ;  and  it  is  only  necessary  to  guard  against  the  error  of  sup- 
posing that  the  products  of  the  analysis  are  always  the  original  in 
gredients- 

The  importance  of  the  subject,  and  its  relation  to  the  question 
how  far  chemical  analy.-W  is  capable  of  accounting  fur  the  medicinal 
efficacy  of  mineral  waters,  will,  1  hope,  afford  an  apology  for  the 
introduction  of  some  of  the  preceding  ol)servations,  though  they 
may  not  fall  strictly  under  the  objects  usually  submitted  to  the'^ 
Society. 


In  a  succeeding  paper  I  shall  have  to  offer  some  remarks  on  tlie 
analysis  of  sea-water  and  sah-brines,  suggested  by  the  view  which 
I  have  explained  in  this  :  and  the  same  view  may  perhaps  lead  to 
the  illustration  of  a  geological  problem,  hitherto  involved  in  consi- 
deraltle  difliculty,  the  origin  of  rock  salt,  and  the  relatioQ  of  this 
mineral  to  the  saline  imprcguation  of  the  ocean. 


Article  IV. 


Geological   Qhservaiions  en  A^orfh  JFalcs.      By   I.  C.  Prkliard, 
M.D.  F.L.S.  F.W.S.  &c. 

(To  Dr.  Thomson) 

SIR, 

In  traversing  North  Wales  during  the  present  summer,  I  ob- 
served some  facts  which  induce  me  to  suspect  that  the  transition" 
formation  prevails  more  extensively  in  that  country  than  is  com- 
naonly  supposed.  'I'he  time  which  I  had  it  In  my  power  to  spend 
there  being  very  limited,  I  had  no  opportunity  of  resolving  some 
interesting  questions  which  presented  themselves  to  me;  but  as  the 
solution  of  tliem  would  establish  an  inference  important  with  re- 
spect to  the  geology  of  our  island,  and  as  they  might  be  easily  de- 
termined by  any  person  who  could  examine  at  leisure  a  district  of 
BO  great  extent,  I  venture  to  suggest  them,  and  to  offer  my  remarks 
to  the  piil)lic  through  the  medium  of  your  Journal. 

The  greater  part  of  North  Wales  is  occupied  by  clay-slate,  which 
has  all  the  characteristics  of  primitive  clay-slate.  Nearly  the  whole  of 
the  tract  through  which  this  roek  extends  may  be  surveyed  in  clear 
weatiier  from  the  tops  of  the  three  principal  mountains  of  Wales, 
viz.  Flinlimmon,  Cadur  Idris,  and  Snowdon,  and  a  general  idea  of 
the  geological  structure  of  the  country  may  be  thus  obtained.  It 
consists  chiefly  of  ranges  of  mountains,  which  run  fromE.  to  W.,  op 
from  N.E.  to  S.W,    These  mountjvins  are  g<;nerally  inore  abrupt- 
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towards  the  nortli  than  tlie  south  side.  The  declivity  towards  the 
south  is  often  gentle,  while  the  norlhern  face  is  precipitous.  This 
remark,  however,  is  not  universal. 

The  inclination  of  the  strata  is  various.  In  many  places  they  are 
vertical ;  but  the  dip  most  prevalent  through  the  country  appears  to 
be  towards  the  S.  and  S.W.  This  circumstance,  compared  with 
the  position  of  the  escarpments  of  the  hills,  indicates  that  in  ad- 
vancing from  S.  to  N.  you  pass  continually  from  newer  to  older  for- 
mations. 

On  passing  from  the  tract  of  the  old  red  sand-stone  in  Hereford- 
shire, the  first  rocks  which  present  themselves  are  decidedly  of  the 
transition  formation.  Near  Ludlow,  in  Shropshire,  beds  of  clay- 
slate  first  occur  alternating  with  thin  l)eds  of  blue  lime-stone,  con- 
taining numerous  impressions  of  small  shells.  From  this  place  to 
Montgomeryshire  clay-slate  abounds.  This  I  observed  on  my  re- 
turn. I  entered  North  Wales  through  Brecknockshire;  and  the 
first  transition  rrck  which  attracted  my  notice,  and  which  appears 
immediately  to  succeed  the  old  red  sand-stone,  is  greywacke-slate, 
■which  about  ten  miles  S.  of  Buallt  forms  maejnifiecnt  clitfson  both 
sides  of  the  river  Wye.  It  splits  into  slates  half  an  inch  thick,  and 
contains  a  large  portion  of  mica.  Tiie  beds  dip  at  a  considerable 
angle  towards  the  S.  E.,  and  the  hills  form  bold  escarpments  front- 
ing the  N.W. 

Near  Buallt  the  hills  consist  of  a  crumbling  clay-slate  resembling 
slate-clay.  In  the  bed  of  the  Wye,  about  three  miles  N.  of  Buallt, 
I  found  greywacke  in  mass  alternating  with  a  hard  clay-slate.  The 
former  consisted  of  small  fragments  of  quartz  and  clay-slate  im- 
bedded in  a  basis  of  clay-slate. 

From  Khaiadyr  to  Hafod,  and  to  Plinlimmon,  clay- slate  pre^ 
vails.  At  the  Devil's  Bridge  it  is  quarried,  and  furnishes  a  fine  blue 
loof  slate,  very  hard,  and  of  considerable  lustre.  The  Plinlimmon 
chain  consists  of  the  same  rock.  Large  veins  of  snow-white  quartz 
traverse  it  in  all  directions,  loose  blocks  of  which  are  scattered  on 
the  tops  of  the  mountains. 

The  chain  of  Cader  Idris  bears  a  great  resemblance  in  the  com- 
position of  its  rocks  to  that  of  Snowdon.  I  ascended  the  former 
from  Tal  y  Llyn  by  the  side  of  Llyn  y  Cae.  About  half  way  up  the 
mountain  I  found  beds  of  clay-slate  and  of  flinty-slate  dipping  at 
an  angle  of  75°  to  the  S.  The  top  of  the  hill  consists  of  a  beautiful 
clay-stone  porphyry,  containing  crystals  of  felspar  and  some  quartz 
imbedded  in  a  basis  of  hard  clay-stone,  which  passes  into  horn-stone. 
In  some  places  the  form  of  the  felspar  crystal  is  wanting,  and  the 
porphyry  is  amygdaloidal.  It  forms  large  tabular  masses  and 
columnar  rocks,  which  affect  a  pentagonal  form.  I  should  have 
considered  the  upper  part  of  this  hill  as  an  example  of  the  overlying 
formation,  if  I  had  not  found  some  facts  in  Snowdon  which  dispose 
me  to  a  diHerent  opinion.  The  northern  side  ot  Cader  idris  pre- 
sents a  bold  precipice,  ia  whicli  tiie  porpbyriiic  -:ock  forijis  beautiful 
1 
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ranges  of  columns.     It  appeared  to  me  to  lie  in  strata  which  dip 
towards  the  S, 

North  of  the  Cader  Idris  chain  a  lower  range  of  hills  runs  nearly 
parallel  with  it.  The  river  Mowddach  flows  through  the  intervening 
valley.     These  hills  consist,  at  least  along  the  banks  of  the  Mowd- 
dach, of  a  rock  composed  of  felspar,  and  containing  in  some  places 
large  crystals  of  green  hornblende,  which  alternates  with  clay-slate. 
At  Rhaidyr  du  a  section  of  the  rock  has  been  formed  by  a  torrent, 
where  many  of  these  alternations  present  themseUes.     These  beds 
dip  to  the  S.,  towards  the  direction  of  the  Cader  Idris  chain.     The 
same  rock  alternating  with  slate  prevails  very  extensively  between 
this  place  and  the  Snowdon  range.  The  hornblende  is  often  wanting. 
I  ascended  Snowdon   from  Capel  Curig,  but  on   that  side  could 
distinguish  nothing  with  respect  to  the  disposition  of  tiie  rocks. 
The  porphyritic  rock,  resembling  that  of  Cader  Idris,  extends  quite 
to  the  base  on  the  south-eastern  declivity.     But  on  going  up  on  the 
northern  side  from  Llanberris,  I  found  a  tolerably  distinct  appear- 
ance of  strata,  with  an  inclination  towards  the  S.     From  the  foot 
of  the  mountain  to  about  half  way  up,  I  traced  frequent  alterna- 
tions of  clay-slate  and   porphyry.     About  two-thirds  of  the  way  up 
a  precipice  of  considerable  extent  fronts  the  N.,  where  the  rock, 
though  split  by  fissures  in  all  directions,  appears  to  be  stratified,  as 
before  mentioned.     The  top  of  the  mountain  consists  of  porphyry. 
In  several  other  parts  of  the  Snowdon  chain,  which  I  traversed  in 
various  directions,  the  appearance  of  stratification  was  more  distinct 
than  in  the  mountain   wliich  is  properly  called  Snowdon.     This  I 
observed  particularly  between  Capel  Curig  and  Llyn  Idwal.     There 
are  many  quarries  of  roof  slate  in  this  range  ;  and  one  of  consider- 
able extent,  in  a  hill  which  is  separated  from  Snowdon  by  the 
narrow  valley  of  Llanberris. 

•^This  valley  presents  a  beautiful  section  of  the  chain.  Magni- 
/tient  ranges  of  porphyritic  rocks  strike  the  eye  on  both  sides,  and 
by  their  columnar  forms  have  given  rise  to  the  mistaken  idea  that 
these  hills,  as  well  as  Cader  Idris,  are  covered  by  basaltic  rocks.  I 
saw  no  trace  of  basalt  on  any  part  of  them,  neither  could  1  discover 
any  granite  or  mica-slate. 

A  question  here  presents  itself  whether  the  porphyritic  rock 
*»hich  forms  the  top  of  Snowdon  belongs  to  the  overlying  forma- 
tion, or  is  conformable  with  the  strata  of  clay-slate  which  constitute 
the  base  of  the  hill.  This  inquiry  is,  as  it  will  presetitly  appear,  of 
considerable  importance  in  assisting  to  determine  the  era  to  which  a 
great  part,  if  not  the  whole,  of  the  slate  formation  in  North  Wales 
must  be  referred.  From  the  huge  tabular  and  columnar  masses  into 
which  the  porphyry  is  divided,  and  from  its  occupying  more  re- 
markably the  tops  of  the  mountains,  I  was  at  first  led  to  refer  it  to- 
the  overlying  formation  ;  but  the  frequ.nt  alternations  of  the  same 
porphyry  with  the  clay-slate  at  the  base  of  Snowdon,  and  other 
•hills  in  the  range,  seem  to  countenance  the  opinion  that  it  holds  a 
position  conformable  with  the  clay-slate.     Any  person  who  would 
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examine  the  Snowdon  and  Cader  Idrls  chains  deliberately  miglit 
easily  determine  this  point  with  respect  to  both  of  them. 

If  it  should  turn  out  as  I  suspect,  that  the  porphyry  and  clay- 
slate  are  conformable,  the  whole  mountainous  tract  of  North  Wales 
roust  be  considered  as  a  transition  country ;  for  the  former  rock  on 
Snowdon,  and  in  other  parts  of  the  chain,  abounds  in  organic  re- 
9nains.  I  found  on  the  highest  summit  numerous  impressions  of 
shells,  which  appeared  to  be  pectenites  and  terebratulites.  There 
were  several  impressions  of  organic  bodies,  which  I  have  not  seen 
described,  and  some  appearances  resembling,  though  indistinctly, 
turbinated  madrepores.  I  observed  similar  impressions  on  some 
blocks  near  Lake  Ogwen. 

If  the  Snowdon  chain  be  not  primitive,  there  is  no  part  of  North 
Wales  which  can  with  any  degree  of  probability  be  referred  to  that 
formation. 

I  remain,  Sir,  your  obedient  servant, 

BThtol,  Sept.  15,   1615.  !•    C.    PrICHARD. 


Artici-e  v. 

Hemster  of  the  IVeather  in  Plymouth,  for  the  first  Six  Months  of 
^         1815.     By  James  Fox,  jun.  Esq.     With  a  Plate. 

JANUARY. 
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10 

AV  N  W 

11 

N  W 

18 

NW 

IS 

W  S  W  to  W  N  VV 

14 

N 

15 

N  E 

16 

NN  W 

n 

N  N  E 

18 

N  N  E 

19 

N  E 

SO 

N 

21 

N   E 

22 

N 

23 

N 

24 

E  to  E  S  E 

S5 

N  E 

Rain. 


0-26 

0-10 
0-16 


0-02 


Observations. 


Fair  morn  ;  cloudy  eve.  "> 

Cloudy  and  fair. 

Ditto  ;  fair  at  iiiglit. 

Ditto  mart)  ;  cloudy  and  fair  aftemooii. 

Fair. 

Cloudy  and  fair. 

Fog  morn  ;  occasional  showers. 

Snow  showers. 

Fog  morn  ;  cloudy  day  ;  showers  at  inlgbt. 

Showers  early  in  morn;  cloudy  day. 

Slight  showers. 

Hail  ditto,  morn  ;  fair  afternoon. 

Misty  day. 

Showers,  morn;  cloudy  and  fair  aftern. 

Cloudy  morn  ;  fair  arternooD, 

Cloudy  and  fair. 

Hoar  frost ;  cloudy  morn  ;  fair  day. 

Ditto  ;  cloudy  and  fair. 

Snow  showers. 

Ditto. 

Fair  morn  ;  cloudy  eve. 

Cloudy  morn  ;  cl()»dy  and  fair  eve. 

Snow  showers,  morn  ;  cloudy  and  fairerCt 

Cloudy,  and  a  shower. 

Snow  »h(>wcr». 


\ 


3 


I 

i 


3 
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April 
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Date, 

Wind. 

Rain. 

Observations. 

-« 

1815. 

Jan.  26 
27 

E  N  E 
EN  E 

I  0S5  i 

Fair  morn;  snow  shower?,  afternoon. 
Snow  showers,  and  a  gale  of  wind,  uiorr 

; 

J              I 

heavy  showers,  afternoon. 

28 

S  S  W  to  W 

0-40 

Gale  of  wind,  and  heavy  showers. 

29 

S  S  W  to  E 

015 

Heavy  showers. 

30 

EN  E 

}    '■''  { 

Thick  weatiier. 

31 

E  N  E  to  N  N  E 

Ditto. 

1-78 

Inch  rain. 

■^ 

Barometer:  Greatest  height 30"47  inches 

Lowest  28-61 

IMean 29-85 

Thermometer:  Greatest  height 47 

Lowest   20 

Meau   34-39 


Wind. 

E 
ENE 

E 

N  E 


FEBRUARY. 


Feb.  1 

ENE 

Fair  morn;  cloudv  afternoon. 

2 

ENE 

Light  rain,  morn;  cloudy  day. 

3 

E  to  S  W 

0-55 

A  wet  day. 

4 

S  W  to  W  N  W 

Cloudy  and  fair. 

5 

SW  to  S 

0-40 

Cloudy  morn;  thick  rain,  and  squally 
ni-ht. 

J  at 

6 

S  to  S  E 

(     '■''     \ 

Light  rain  ;  high  wind  at  night. 

7 

W  N  W  to  S 

Fine  day  ;  light  rain  at  ditto. 

8 

S  S  E  to  W  N  W 

0-35 

A  stormy  day. 

9 

W  N  W  to  E 

0-25 

High  wind,  and  thick  weather. 

JO 

E  to  S 

0-09 

Thick  weather,   morn ;   cloudy  and 
afternoon. 

fair 

11 

S  S  E  to  S  W 

0-28 

Ditto,  ditto. 

12 

s  w 

Stormy, 

13 

S  W  to  E 

Cloudy  and  fair;  high  wind. 

14 

ENE  to  W  N  W 

0-27 

Showery  day. 

15 

s  w 

I     0-33    5 

Misty  day  ;  squally  at  night. 

16    SW  to  WN  W 

Kigh  wind;  heavy  showers. 

17  W  N  WtoNNW 

0-25 

Ditto,  ditto,  mora  ;  fair  afiernooiu 

18         E  to  S  W 

Cloudy  and  fair. 

19     S  W  to  S  S  \V 

\  "■"  \ 

Showers ;.  high  wind  at  night. 

20   S  W  to  \V  N  W 

A  heavy  gale. 

21            W  N  W 

High  wind  ;  mistv. 

22   W  N  W  to-  S  W 

Cloudy  and  fair. 

23l             S  W 

Ditto;  at  intervals  misty. 

24 

s  w 

Ditto,  ditto. 

25 

S   SW 

Misty. 

S6 

N  W 

Cloudy  morn ;  fair  afternoon. 

27 

Var. 

Fair. 

2!i 

E 

High  wind  ;  fair. 

3-11 

Inches  rain. 
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Wind. 

Barometer:  Greatest  height 30-49  incbei  Var. 

Lowest   29"24  S  S  E 

Mean    29-83 

Thermometer:  Greatest  height 54  S 

Lowest   28  Var. 

Mean 4C-05 

MARCH. 


Date. 

Wind. 

Rain. 

■                       — » 
Observations. 

1815. 

March  1 

S  W 

0-08 

Misty;  small  rain. 

2 

Var. 

Fair. 

3 

Var, 

0'03 

Ditto,  day;  misty  at  night. 

4 

S 

Ditto,  ditto. 

5 

S  to  W  N  W 

0-11 

Very  misty  day  ;  fair  at  ditto* 

6 

EN  E  to  S 

^          r 

Cloudy  and  fair. 

Thick  weather;  a  gale,  and  heavy  rain. 

T 

S 

>  0-85  ) 

at  night. 

S 

W  NW 

Heavy  rain,  morn  ;  cloudy  and  fair  after- 

J              i 

noon. 

9 

w 

0-67 

Sliowers  (heavy). 

10 

W  N  W 

0-40 

Ditto  of  snow,  hail,  and  rain. 

11 

W  N  W 

015 

Showery  day. 

12 

W  bv  N 

0-53 

Ditto,  and  stormy. 

1^ 

W 

0-46 

Ditto,  ditto. 

14 

N  W 

High  wind  ;  fair. 

15 
16 

W 

w 

l        r 

Misty. 

I  ^-^  1 

Showers  early,  morn ;  fair  day  j  cloudy  at 
night. 

17 

NW 

Cloudy  and  fair. 

18 

W  N  W 

Misty. 

19 

NW 

Fair  day  ;  clondy  at  night. 

20 

ESE 

Cloudy  and  f.iir. 

21 

22 

S  to  s  s  w 
w  sw 

i   0-35  J 

Cloudy  morn ;   high  wind  and   showersj 

afternoon. 
High  wind,  and  showers. 

23 
24 

w 

w 

}    ^'^^  { 

Ditto,  Slid  liail  ditto. 
Ditto,  ditto. 

85 
26 

w 

s  w 

1    0-56  1 

Ditto,  ditto. 
Ditto,  ditto. 

27 

s  w 

060 

A  storm,  and  heavy  rain. 

28 

w 

High  wind  ;  cioudy  and  fair. 

29 

S  E  to  S 

Cloudy  and  fair. 

SO 

SSE 

Misty. 

SI 

ESE 

Fair. 

6-06 

Inches  rnin. 

Barometer:  Greatest  height 3029  inche* 

Lowest    29-11 

Me.m   29  83 

Thermometer:  Greatest  height 65 

Lowest S3 

Me^n  47-14 


Wind. 

Var. 

W 

ESE 
WN  W 


1815.J 
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APRIL. 


Date. 

AVind. 

Rain. 

Observations. 

1815. 

t 

■^ 

April  I 

ESE  to  SSE 

Fair  day;  cloudy  at  night. 

2 

S  W 

Cloudy  and  fair  morn  ;  fair  afternooB, 

S 

W 

Fair. 

4 

W  to  W  N  W 

Cloudy  morn  ;  fair  afternoon. 

5 

W  to  W  S  W .  • 

Cloudy  and  fair. 

6 

ws  w 

Cloudy. 

7 

E 

Hi^ii  Tvind ;  fair. 

.    8 

E 

«' 

Ditto,  ditto. 

9 

W 

Cloudy  and  fair. 

10 

E 

0-03 

Ditto,  and  ^  shower. 

11 

Var. 

Ditto. 

12 

Var. 

Ditto;   fog,  morn. 

13 

Var. 

0  23 

Fog,  morn;  sliowers  hail,  afternoon. 

14 

N  N  E  to  X  N  W 

Cloudy  day;  snow  shower  at  iiijjlu. 

15 

Var. 

Cloudy  and  fair. 

16 

WS  W 

Ditto,  ditto. 

17 

S  W  to  E 

Ditto,  ditto,  and  a  hail  shower. 

18 

NN  W 

Fair. ' 

19 

N  W 

Ditto, 

20 

N  bv  W 

Cloudy  morn  ;  fair  afternoon. 

21 

N   bV  W 

0-21 

Squally,  with  showers. 

22 

W 

0-48 

Ditto,  ditto. 

„ 

23 
24 

w 
w 

1    0-36   1 

Showers. 
Ditto. 

85 

N   bv  W 

0-03 

Very  light  ditto. 

26 

N  E  'to  E 

Fair. 

•7 

li 

Ditto. 

■28 

E 

Ditto. 

tQ 

E 

Misty  morn  ;  cloudy  day. 

30 

E 

Cloudy  day  ;  showers  at  ni^hf. 

1-34 

Inch  rain. 

Barometer  :  Greatest  height S3"33  inches 

Lowest    29  10 

Mean  2989 

Thermometer  :  Greatest  height 67° 

Lowest  28 

Wean   4937 


JVimL 
W 

Var. 


MylY. 


May   1 

E 

1-24 

Heavy  rain. 

2 

S  W 

Cloudy  and  fair. 

3 

VV 

Cloudy  morn;  fair  afternoon. 

4 

X  to  W  N  W 

F.ir. 

5 

WN  W 

Ditto;  cloudy  at  night. 

6 

SSE 

1         r 

Cloudy  day;  rain  at  night.  • 

7 

S 

>   0-68  J 

Heavy  showers. 

8 

S 

J              1 

Ditto,  ditto. 

9 

s  w 

017 

Fair  d;iy  ;  showers  at  nigttt. 

10 

■  s  s  w 

Thick,  weather. 

Vol.  VI.  N°  V. 
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Register  of  the  Weather  in  Plymouth. 


[Nov. 


Date. 

Wind. 

Rain. 

Observations. 

May   11 

S  E  to  S  S  W 

1 

{ 

Cloudy  and  fair   morn  ;    high    wind  and 

y 

013 

Bhowers,  afternoon. 

12 

SW  to  SSW 

f 

Showers,  and  high  wind. 

13 

WS  W 

1 

( 

Dilto,  ditto. 

)4 

S 

y 

0-44 

i 

Ditto,  ditto. 

15 

s 

f 

I 

Ditto  early,  morn;  cloudy  and  fair  day. 

16 

WN  W 

Fai  r. 

17 

Var. 

Cloudy  and  fair. 

18 

JV  W 

Ditto. 

19 

N  W  to  N  N  W 

Fair. 

20 

WN  W 

l)itt(f;  cloudy  and  liighTrindat  night. 

21 

NW 

0-18 

Ilii;h  wind,  and  hail  showers. 

22 

N  W 

} 

Oil 

{ 

Ditto,  and  showers. 

2.S 

W  N  W 

Light  ditto. 

24 

W  bv  N 

Cloudy  and  fair. 

25 

S  to  N  W 

Fair. 

26 

W  to  E 

Fog  morn  ;  fair  day. 

ST 

E 

High  wind ;  fair. 

28 

Var. 

Chuidy  and  fair. 

29 
30 

E  S  E  to  S 

W  N  W 

} 

0-10 

{ 

Showers  ;  hij^h  wind,  afternoon. 
High  wind,  and  showers. 

21 

E  to  SE 

0-75 

A  wet  day. 

3-80 

Inches  raiu. 

__ ,— _ , 

Barometer:  Greatest  height .'50-40  inchcr 

Lowest   S9-54 

Wean C^900 

Thermometer  :  Greatest  height 73 

Lowest   39 

Mean ' 5630 


Wind. 

Var. 

E 

N  N  W 
WNW 


JUNE. 


1 

g 

3 
4 
5 
6 
7 
S 

10 
11 

12 
13 
14 
15 
16 

17 
IS 


E  to  N  N  E 

Var. 

AV  N  W 

W  to  S 

NW 

s  w 
s 

N  W 
W  to  S  W 

S 
S  E  to  S 

ESE 

S  to  E  S  E 

S  to  AV  N  W 

Var.  at  l) 

E 

S  to  W  N  W 

A'^ar. 


0-07 


0  17 

0-31 

0-25 


0-32 

0-15 
0-25 
0-15 

0-69 


010 


Fog  morn  ;  light  showers,  afternoon. 

Cloudy  and  fair^ 

Cloudy. 

M  isty. 

Showers. 

Cloudy  and  fair. 

Heavy  showers. 

Ditto. 

Fog  ;  cloudy  and  fair. 

Cloudy  and  fair. 

Heavy  rain,  morn;  cloudy  and  fair  after- 
noon. 

Showers. 

('luudy  day  ;  high  wind  and  rain  at  night. 

High  wind,  and  showers. 

Cloudy  and  fair. 

Cloudy  moru  ;  heavy  rain,  afternoon  and 
eve. 

Cloudy  and  fair. 

Ditto,  ditto,  mum  ;  showffrs,  afterDoou. 
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Date. 

Wind. 

Ilatn. 

Observations. 

1813. 

June  19 

S  to  K 

}    0-54   { 

Ditto,  ditto,  ditto. 

20 

E  i\  E  to  W  N  W 

Heavy  sliowers. 

21 

W  N  VV  to  N  AV 

("air  day  ;  doudv  at  night. 

22 

S 

Cloudy  and  fair. 

23 

N  W 

009 

Ditto,  ditto,  day;  light  rain  at 

night. 

24 

N  to  N  W 

Misty. 

25 

NW 

Cloudy  and  fair. 

26 

N  W 

Ditto,  ditto.     . 

27 

Var. 

Ditto,  ditto. 

28 

Var. 

fair. 

29 

E 

Ditto;  high  wind. 

30 

E 

Ditto,  ditto. 

3-09 

Inches  rain. 

Barometer:  Greatest  height 30;21  inches 

Lowest    29-25 

Mean   29-885 

Thermometer:  Greatest  height 76° 

Lowest    'J3 

Mean    60-13 


Wind. 
Var. 
£S  £ 

Var, 
W 


Article  VI. 

Ohservations  on  Mr.  Dalian's  Theory  of  Chemical  Composition. 
By  Peter  Ewart,  Esq. 

(Read  to  the  Philosophical  Society  of  Manchester,  Sept.  1312,) 

It  has  long  been  observed  that  chemical  compounds  contain  their 
elements  in  limited  proportions  ;  and  it  has  at  all  times  been  a  chief 
object  with  chemists  to  ascertain  these  proportions  in  bulk,  as  well 
as  in  weight.  Various  attempts  have  been  made,  also,  to  trace  som.e 
general  principle  of  agreement  in  the  phenomena  of  chemical  com- 
position. In  tliis  field  of  investigation  Mr.  Dalton  has  been  emi- 
nently successful.  About  ten  years  ago,  observing  a  remarkable 
coincidence  in  the  proportions  of  the  elements  contained  in  some 
chemical  compounds,  he  was  led  to  believe  that  this  caincidence 
could  not  be  partial  or  accidental,  but  that  it  might  form  part  of  a 
general  system,  coin|Kehending  every  chemical  combination.  Under 
this  impression,  he  examined  and  compared,  with  great  skill  and 
ingenuity  of  research,  a  prodigious  number  of  compounds  j  and  he 
has  published  a  valuable  collection  of  facts,  established  l)y  others  as 
well  as  by  himself,  throughout  the  whole  of  which  the  principle  of 
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composition,  which  he  first  observed  only  in  a  few  instances,  i& 
found  to  prevail.  * 

A  small  number  of  facts  are  sufficient  to  explain  the  nature  of 
this  principle  ;  and  in  the  following  it  appears  very  distinctly. 

1st.  100  grains  of  olefiant  gas  contain  85  of  carbon  ^nd  15  of 
liydrogen  ;  f  that  is,  in  the  proportion  of  5*6  carbon  to  1  hydrogen. 

2d.  100  grains  of  carbonic  oxide  contain  444^  carbon  and  55^ 
oxygen ;  X  '''at  isj  in  the  proportion  of  5 '6  carbon  to  7  oxygen. 

3d.  100  grains  of  water  contain  12^^  hydrogen  and  SJ-A-  oxygen  ;  § 
that  is,  in  the  proportion  of  1  hydrogen  to  J  oxygen.. 

4th.  100  grains  of  carbureted  hydrogen  contain.  74  carbon  and 
26  hydrogen  ;  \\  that  is,  in  the  proportion  of  5'6  carbon  to  2 
hydrogen. 

5th.  100  grains  of  carbonic  acid  contain  2S-6  carbon  and  71'4- 
oxygen  ;**  that  is,  in  the  proportion  of  5'6  carbon  to  14  oxygen.. 

Now  it  is  very  remarkable  that  the  last  terms,  in  the  first  and 
second  of  these  proportions,  are  the  same  as  the  first  and  second 
terms,  representing  the  proportions  of  the  same  elements,  in  the 
third  compound. 

In  the  fourth  and  fifth  compounds  we  have  a  farther  coincidence 
of  a  different  kind.  Here  we  have  the  same  elements  as  in  the  two 
first  compounds;  and  the  last  terms  of  the  proportions  in  the  first 
and  second,  multiplied  l>y  two,  are  respectively  equal  to  the  last 
terms  of  the  fourth  and  fifth. 

Presuming  that  something  more  than  an  accidental  coincidence 
is  indicated  by  such  agreements  as  these,  Mr.  Dalton  proposes  to 
explain  them  as  follows. 

If  we  suppose  the  ultimate  divisions,  or  atoms,  which  unite  in 
chemical  compounds  of  carbon,  liydrogen,  and  oxygen,  to  be  of 
different  relative  weights,  in  the  proportion  of  5*G,  1,  and  7?  we 
shall  have  equal  numbers  of  atoms  of  each  of  their  elements  in 
each  of  the  first  three  compounds ;  and  if  the  comjrounds  be  homo- 
geneous, each  atom  of  carbon  in  the  first  compound  ,must  be  united 
to  an  atom  of  hydrogen  ;  and  in  the  second,  each  atom  of  carbon 
must  be  united  to  an  atom  of  oxygen  ;  in  the  third  compound,  each 
atom  of  hvdrogen  must  be  united  to  an  atom  of  oxygen;  each  atom 
of  carbon  in  the  fourth  compound  must  l)e  united  to  two  atoms  of 
hydrogen;  and  in  the  fifth,  each  atom  of  carbon  must  be  united  to 
two  atoms  of  oxygen.     Upon  this  principle,  then,  we  have  the  ex- 

*  It  is  not  a  little  remark.nble,  that  the  labours  of  some  of  thfr  principal  modern 
i.hemists  in  Earope,  ivheie  quuntiti/  v\:is  the  object  of  research,  have  f;\\en  resuhii 
imiformly  favovirahle  to  theesiablibiiineiit  of  this  principle,  though  they  liave  been 
in  some  instance?  Hnacqi:nintfcl  ivith  it.  Witness  those  of  Clement  and  Desormcs,, 
Woll.T^ton,  Davy,  Heiiry,  r.erlhollet,.Berard.  Gay-I.ussac,  lierzelius,  &c.  &c. 

+  Tliomson,  .Vi<i!.  Jour,  .txviii.  3J2.     Davy,  309. 

■•■   Ciemrnt  and  Desormes,  Ann.  Chim.  torn.  39. 

(  lluuibolt,  Gay-Lusiac,  Ann.  ChUn.  1S05.     Nich.  Jjrr.  xrx.  270. 

H  Henry,  i.  Sm,  a  deduction.     Davy,  .107. 

»»  Allen  and  Popys. 
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planation  of  a  connected  agreement  in  these  five  compounds^  which 
would  be  destroyed  by  a  small  variation  in  tiie  composition  of  any 
one  of  the  five. 

In  the  followinpc  nine  compounds,  seven  of  wliich  are  solids,  the 
same  principle  is  found  to  i)rcvail  with  as  much  uniformity  as  in  the 
gaseous  fluids  and  water,  which  we  have  heen  comparing. 

1.  100  grains  of  sulphurous  acid  contain  50  grains  of  sulphur* 
and  50  grains  of  oxygen;  that  is,  nearly  in  the  proportion  of  14 

ulphur  to  14  oxygen. 

2.  100  grains  of  sulphuric  acid  contain  40*6  grains  of  sulphurf 
and  5i>'4  grains  of  oxygen ;  jhat  is,  nearly  in  the  proportion  of  14 

'Sulphur  to  21  oxygen. 

3.  100  grains  of  black  oxide  of  iron  contain  78  grains  of  iron  % 
and  22  grains  of  oxygen ;  that  is,  nearly  in  the  proportion  of  50 
iron  to  14  oxygen. 

4.  100  grains  of  red  oxide  erf  iron  contain  70^  grains  of  iron  % 
and  294-  grains  of  oxygen  ;  that  is,  nearly  in  the  proportion  of  50 
iron  to  21  oxygen. 

5.  100  grains  of  sulphuret  of  iron  contain  78  grains  of  iron  § 
and  22  grains  of  sulphur ;  that  is,  nearly  in  the  proportion  of  50 
iron  to  14  sulphur. 

6'.  100  grains  of  magnetic  pyrites  contain  64  grains  of  iron  f|  and 
3(5  grains  of  sulphur  j  that  is,  nearly  in  the  proportion  of  50  iron  to 
28  sulphur. 

7.  100  grains  of  pyrites  of  Soria  contain  54*3  grains  of  iron  {| 
and  45-7  grains  of  sulphur  ;  that  is,  nearly  in  the  proportion  of  50 
iron  to  42  sulphur. 

8.  100  grains  of  common  pyrites  contain  47  grains  of  iron  [j  and 
53  grains  of  sulphur;  that  is,  nearly  in  the  proportion  of  50  iron 
to  5(>  sulphur. 

9.  100  grains  of  sulphate  of  iron  contain  49*78  grains  of  red 
oxide  of  iron  **  and  50*22  grains  of  sulphuric  acid  ;  that  is,  nearly 
in  the  proportion  of  7I  red  oxide  of  iron  to  70  sulphuric  acid. 

If  we  suppose,  as  before,  the  relative  weight  of  an  atom  of 
oxygen  to  be  as  "J,  and  if  we  further  suppose  those  of  sulphur  and 
iron  to  he  respectively  as  14  and  50,  we  lAvaW  have, 

1st.  In  sulphurous  acid,  each  atom  of  sulphur  united  to  two  atoms 
of  oxygen. 

2d.  In  sulphuric  acid,  each  atom  of  sulphur  united  to  three  atoms 
of  oxvgen. 

3d.  In  black  oxide  of  iron,  each  atom  of  iron  united  to  two  atoms 
of  oxygen. 

4th.  In  red  oxide  of  iron,  each  atom  of  iron  united  to  three  atoms 
of  oxygen. 

•   Davy,  274.  +   Bcrzelius,  Ann.  dc  Chim.  Ixxviii.  44. 

X    Davy,  110.  ^   Yauqiuliii. 

II   H.-itctiett  and  Pionsf,  Nich.  Jonr.  x.  and  xi, 
*•  Berzclius,  Ann.  de  Chira.  Ixxviii.  218. 
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5tl).  In  sulphuret  of  iron,  each  atom  of  iron  united  to  one  atom 
of  sulphur.  ■' \ 

Gth.  In  magnetic  pyrites,  each  atom  of  iron  united  to  two  atoms 
of  sulphur. 

7th.  In  pyrites  of  Soria,  each  atom  of  iron  united  to  three  atoms 
of  sulphur. 

8th,  In  common  pyrites,  eacli  atom  of  iron  united  to  four  atoms 
of  sulphur. 

9th.  In  sulphate  of  iron,  eacli  atom  of  red  oxide  of  iron  unhed  to 
two  atoms  of  sulphuric  acid. 

In  the  ninth  compound  we  have  an^cxample  of  the  union  of  two 
compound  atoms  ;  and  in  the  same  manner  various  other  compound 
atoms  are  found  to  be  united  in  compounds  which  contain  more 
than  two  elements. 

Indeed  any  atom  at  present  supposed  to  be  simple  may  afterwards 
be  found  to  be  comj)ounded  of  others  more  simple  ;  for  upon  this 
principle  it  is  not  concluded  that  an  atom  of  any  known  element  is 
in  its  smallest  possible  state  of  division.  The  word  atom  is  intended 
to  express  merely  the  smallest  division  which  is  found  of  any 
element  without  decotnposiiion.  * 

Thus  an  atom  of  carbonic  acid,  one  of  the  elementary  particles 
constituting  that  clastic  fluid,  is  only  capable  of  division  into  oxygen 
and  charcoal.  It  is  possible  that  atoms  of  oxygen  and  charcoal  may 
be  further  divided,  but  we  do  not  yet  know  that  the  division  is  prac- 
ticable. Neither  is  it  understood  that  the  relative  weights  of  the 
atoms  of  the  five  elements,  the  combinations  of  which  we  have  been 
comparing,  are  precisely  as  1,  5*6',  7?  14,  and  50.  It  is  obvious  that 
their  relative  weights  can,  upon  Mr.  Dalton's  principle,  be  deter- 
mined only  by  the  agreement  of  a  great  number  of  nice,  and  often 
difficult,  analyses  5  and  in  proportion  as  more  accurate  analyses  are 

»  It  is  riot  assumed  that  the  ultimate  elementary  particles  or  atoms  of  matter  are 
absolutely  indivisible.  But  in  support  of  the  opinion  that  they  have  remained  un- 
divided since  the  creation  oi"  tlie  world,  and  that  the  permanence  of  the  specific 
properties  of  all  material  objects  depends  upon  their  atoms  remaining  undivided, 
Mr.  Dalton  has  referred  to  the  following  observations  of  Sir  Isaac  Newtoii : — 

"  It  seems  probable  to  me  that  God  in  the  beginning  formed  matter  in  solid, 
ynassy,  hard,  ii.ipenelrable,  moveable,  particles,  of  such  sizes  and  tigures,  and  with 
such  other  properties,  and  in  such  proportion  to  space  as  most  conduced  to  the  end 
for  which  he  formed  them;  and  that  these  primitive  particles  being  solids,  are  in- 
comparably harder  than  any  porous  bodies  compounded  of  ihem  ;  even  so  very 
hard,  as  never  to  wear  or  break  in  pieces,  no  ordinary  power  being  able  to  divide 
•yvhat  God  hiinsclf  made  .;;ie  in  the  first  creation.  While  the  particles  continue 
entire,  they  may  compose  bodies  of  one  and  the  same  nature  and  texture  in  all 
ages;  but  should  they  wear  away,  or  break  in  pieces,  the  nature  of  things  de- 
pending on  them  would  he  changed.  Water  and  earth,  composed  of  old  worn 
paiiticlcs  and  fragments  of  particles,  would  not  be  of  the  tame  uature  and  texture 
now  with  water  and  eartli  composed  of  entire  particles  in  the  beginning.  An:I 
therefore  that  nature  may  be  lasting,  th^  changes  of  corporeal  things  are  to  be 
placed  only  in  the  various  si'parations  and  new  associatioj)s,  and  motions  of  these 
permaneut  particles;  compounded  bodies  being  apt  to  break,  not  in  the  midst  of 
solid  particles,  but  where  those  pai-ticles  are  laid  together,  and  trusts  only  in  a  few 
'j)oints.'" — Hofsley's  Ni:u:ton,  iv.  'i^O. 
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obtained,  these  relative  weights  may  be  determined  with  greater 
precision. 

Some  objections,  however,  have  been  made  to  this  explanation  of 
the  phenomena  of  chemical  composition. 

I.  It  is  said  that  we  have  no  means  of  ascertaining  or  judging  of 
the  weight  or  the  magnitude  of  an  atom  of  any  clement,  and  that 
any  supposed  relative  weight  of  their  atoms  must  therefore  be  a 
mere  hypothetical  assumption,  from  which  no  satisfactory  conclusion 
can  be  drawn. 

It  is  true  we  can  never  expect  to  produce  any  of  these  minute 
divisions,  so  as  to  ascertain  their  relative  weights  by  balancing  them 
separately  in  scales.  But  if  we  may  be  allowed  to  compare  great 
things  with  small,  may  not  the  same  objection  be  made  to  the 
manner  in  which  the  relative  masses  of  the  planets  are  determined? 
These  are  by  their  great  magnitude  as  much  as  the  ultimate  divi- 
sions of  chemical  elements  are  by  their  extreme  minuteness,  beyond 
the  reach  of  the  ordinary  means  of  comparison.  The  means,  how- 
ever, by  whicli  the  relative  masses  of  the  heavenly  bodies  have  been 
determined,  are  quite  as  satisfactory  as  if  they  had  been  weighed  in 
scales.  They  are  determined  by  tlie  observed  phenomena  of  the 
heavens,  on  the  principle  that  these  phenomena  may  be  distinctly 
explained  by  su])posing  the  masses,  distances,  and  attractions,  of  the 
different  bodies  in  question  to  bear  certain  relations  to  each  other. 
And  if  the  observed  phenomena  of  chemical  composition  can  be 
explained  by  supposing  the  weights  of  the  ultimate  divisions  of  che- 
mical elements  to  bear  certain  relations  to  each  other,  we  may  be 
ecjually  well  satisfied  that  such  relations  exist. 

1.  But  it  has  been  said  that  the  phenomena  of  chemical  compo- 
sition require  no  such  supposition,  that  we  may  with  as  much  con- 
sistency suppose  the  ultimate  divisions  of  all  elements  to  be  of  equal 
weight,  or  that  we  may  suppose  their  weights  to  bear  any  imaginable 
proportion  to  each  other.  Let  us  examine  how  far  such  suppositions 
are  consistent  with  the  observed  phenomena. 

If  we  suppose  the  atoms  of  all  elements  to  be  of  equal  weight,  we 
may  suppose  28  atoms  of  carbon  to  be  united  to  five  of  hydrogen  in 
the  composition  of  olefiant  gas  ;  four  of  carbon  to  five  of  oxygen  in 
carbonic  oxide ;  and  one  of  hydrogen  to  seven  of  oxygen  in  the 
composition  of  water. 

But  in  this  way  we  should  leave  the  agreement  in  the  proportions 
observed  by  Mr.  Dalton  quite  unaccounted  for.  And  if  the  pheno- 
mena of  chemistry  are  ever  to  be  reduced  into  a  system,  like  those 
of  astronomy,  surely  such  a  series  of  remarkable  agreements  must 
be  considered  as  a  promising  clue  to  lead  to  the  true  theory. 

We  may  indeed  suppose  28  atoms  of  carbon  to  be  united  to  35 
of  oxygen  in  carbonic  oxide,  and  five  of  hydrogen  to  35  of  oxygen 
in  the  composition  of  water,  and  thus  exhil)it  the  same  agreement 
which  Mr.  Dalton  observed;  but  still  we  cannot  show  by  these  com- 
binations any  reason  for  this  agreement. 

Betides,  if  we  attempt  to  form  an  idea  of  the  position  an(i 
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arrangement  of  28  atoms  of  carbon  combined  with  35  cf  oxygen, 
we  find  it  very  confused  :  and  hence  we  may  reasonably  doubt 
whether  nature  ever  forms  such  combinations.  Upon  Mr.  Dalton's 
supposition,  hou'ever,  the  reason  for  the  agreements,  which  he  has 
pointed  out,  is  obvious.  It  should  be  observed,  that  the  agreement 
in  the  first  stated  combination  of  three  elements,  in  three  ditl'erent 
compounds,  is  quite  of  a  different  kind  from  that  of  the  combina- 
tion of  multiples  of  the  same  elements.  If  no  two  combinations  of 
the  same  elements  bad  ever  been  found,  the  combination  of  three 
elenientSj  as  observed  in  the  first  three  compounds,  might  still  have 
existed  ;  and  Mr.  Dalton's  explanation  appears  to  be  the  only  one  to 
which  such  phenomena  can  be  referred.  Respecting  the  fourth  and 
fifth  compounds,  it  may  be  questioned  whether  the  relative  weight 
of  an  atom  of  carbon  may  not  be  2-S  instead  of  5-6,  and  one  atom 
of  carbon  be  united  to  one  of  hydrogen  in  the  composition  of  car- 
bureted hydrogen,  and  one  atom  of  carbon  to  one  of  oxygen  in  car- 
bonic acid.  Upon  this  supposition,  then,  we  must  have  two  atoms 
of  carbon  united  to  one  of  hydrogen  in  olefiant  gas,  and  two  atoms 
of  carbon  to  one  of  oxygen  in  carbonic  oxide. 

To  this  arrangement  Mr.  Dalton  offers  the  following  objections : 
1.  It  is  almost  universally  observed  in  chemical  compounds,  that 
the  most  simple  are  the  most  difficult  to  be  decomposed  ;  and  car- 
bonic oxide  being  much  more  difhcult  to  be  decomposed  than  car- 
bonic acid,  we  cannot  consistently  suppose  the  latter  to  be  the  most 
simple  in  its  composition.  If  we  attend  to  the  probable  mechanical 
actions  of  the  elementary  atoms  on  each  other,  we  may  receive 
additional  confirmation  of  this  principle  of  composition.  In  the 
compression  of  elastic  fluids,  it  is  found  that  their  expansive  force 
is  nearly  in  proportion  to  their  density ;  and  Sir  Isaac  Newton  has 
demonstrated  (Principia,  lib,  2,  prop.  23,)  that  if  such  fluids  are 
composed  of  particles  mutually  repelling  each  other,  the  central 
distances  of  the  particles  are  reciprocally  as  the  cube  roots  of  the 
densities  of  the  fluids,  and  the  repelling  forces  of  the  particles  are 
reciprocally  as  their  central  distances.  If  we  suppose  this  law  of 
repulsion  to  continue  the  same  after  chemical  union  as  before,  the 
union  of  two  or  more  particles  of  atoms  of  one  element  to  one  atom 
of  another,  cannot  be  so  strong  as  when  they  are  united  one  to  one. 
For  if  H  H  be  two  atoms  of  hydrogen 
attracted  by  C,  an  atom  of  carbon ; 
and  if  H  and  H  mutually  repel  each  * 
other,  they  will  assume  positions  dia-  j 
metrically  opposite  to  each  other,  and  i^^. 
their  attraction  to  C  will  be  diminished 
by  their  mutual  repulsion.  Now  if  we 
suppose  A,  B,  D,  to  be  three  atoms  of  ^jj 
hydrogen  united  to  C,  they  will 
assume  positixjns  at  equal  distances  from  each  other  round  C.  Draw 
the  diameter  D  E,  join  C  A,  E  A,  and  A  D,  and  draw  C  F  per- 
pendicular to  A  D.     The  repulsion  of  A  from  D  will  be  greater 
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than  it  would  be  if  A  were  at  E,  in  tlie  ratio  of  D  E  to  D  A  ;  and 
by  the  composition  of  forces,  it  will  be  less  in  the  direction  of  C  A 
than  in  that  of  D  A,  in  the  ratio  of  A  F  to  A  C  But  A  D  E  and 
F  A  C  being  similar  triangles,  AC  :  AF  ::  D  E  :  D  A.  The  re- 
pulsion of  A  from  D,  in  the  direction  C  A,  will  therefore  be  the 
same  at  whatever  point  in  the  circle  A  be  placed  ;  and  the  repulsion 
of  A  from  B  in  the  direction  C  A  being  the  same  also,  each  of  the 
three  atoms  A,  B,  D,  will  be  repelled  from  C  with  twice  as  much 
force  as  when  only  two  atoms  are  united  to  C.  For  the  same 
reason,  when  four  atoms  are  united  to  C,  they  will  be  repelled  with 
three  times  as  much  force;  and  so  on  for  any  greater  number  of 
atoms  united  to  C. 

2.  In  chemical  compounds  it  is  generally,  if  not  universally, 
observed,  that  an  Increase  of  specific  gravity  Is  a  consequence  of 
chemical  union  ;  and  the  specific  gravity  of  carbonic  acid  being 
greater  than  that  of  carbonic  oxide,  we  cannot  consistently  suppose 
the  latter  to  be  twice,  and  the  former  only  once,  compounded. 

3.  It  rarely  happens  that  bodies  of  low  oxidation  are  acid,  and 
those  of  high  oxidation  not  acid.  The  first  combination  of  a  body 
with  oxygen  produces  an  oxide ;  and  it  is  not  till  a  second  or  third 
addition  of  oxygen  is  made  that  the  characters  of  an  acid  are  found 
in  the  compound.  We  cannot,  therefore,  consistently  suppose  car- 
bonic acid  to  be  the  first,  and  carbonic  oxide  the  second,  combina- 
tion of  oxygen  with  carbon. 

4.  In  comparing  the  various  compositions  of.  carbon  with  other 
elements,  Mr.  Dalton  finds  that  the  combinations  of  the  different 
atoms  would  be  much  more  complicated,  as  well  as  inconsistent  with 
each  other,  if  the  relative  weight  of  an  atom  of  carbon  were  sup- 
posed to  be  2  8  instead  of  5' 6". 

It  is  obvious,  indeed,  that  the  agreements,  which  Mr.  Dalton  has 
pointed  out,  cannot  be  explained  by  any  arbitrary  assumption  of  the 
relative  weights  of  the  ultimate  divisions  of  chemical  elements, 
which  enter  into  composition  with  each  other. 

.The  same  reasoning  applies  to  all  compounds  where  the  same 
agreements  are  observed  ;  and  the  number  of  these,  established  by 
some  of  the  best  chemists  of  the  present  and  former  times,  is  so 
great  that  it  is  not  easy  to  refuse  assent  to  the  generalization  of  Mr. 
Dalton's  principle  of  chemical  composition. 

It  is  true  there  are  several  compounds  which  appear  to  be  at 
variance  whh  this  principle.  But  if  we  consider  the  extreme  diffi- 
culty of  separating  the  elements  of  some  chemical  compounds,  and 
the  uncertainty  which  must  in  many  cases  remain  respecting  what  is 
or  is  not  elementary,  we  cannot  in  the  present  state  of  the  science 
reasonably  expect  all  the  appearances  to  be  distinctly  explained. 

When  these  things  are  considered,  1  think  it  is  most  to  be  won- 
dered that  there  are  so  few  apparent  exceptions  to  the  law  which  has 
been  unfolded  by  Mr.  Dalton. 

This  principle,  and  the  facts  on  which  it  is  founded,  are  directly 
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in  opposition  to  the  explanation  which  Bcrthollet  has  attempted  to 
give  of  chemical  affinity.  But  if  Berthollet's  opinions  with  regard 
to  the  effect  of  quantity  on  what  he  understands  to  be  the  relative 
forces  of  chemical  affinity  were  estalilished,  not  only  Mr.  Dalton's 
observations,  but  almost  all  the  conclusions  of  chemists,  respecting 
composition,  would  i)e  overturned.  The  errors  of  BerthoUet,  how- 
ever, have  been  distinctly  pointed  out  by  Proust  (Jour,  de  Phys^.lix. 
1804);  and  it  is  surprising  that  so  good  a  chemist,  and  so  accurate 
a  reasoner,  as  BerthoUet,  should  have  mistaken  so  many  mechanical 
mixtures  for  chemical  compounds. 

The  agreements  observed  by  Gay-Lussac  in  the  relative  bulks  of 
gases  which  enter  into  combination  with  each  other  are  in  some  in- 
stances in  conformity  with  Mr,  Dalton's  observations  respecting 
their  relative  weights.  In  other  instances,  when  he  states  certain 
.  relations  to  exist  between  the  bulk  of  the  compound  and  its  ele- 
ments, he  is  at  variance  with  Mr.  Dalton;  and  the  question  betwcea 
them  can  be  determined  only  by  repeated  experiments. 

It  is  obvious,  however,  that  whatever  agreements  may  be  traced 
in  the  relative  bulks  of  the  elementary  gases,  all  such  jjroportions 
must  be  lost  when  the  gases  are  changed  into  fluids  or  solids. 

Mr.  Dalton's  explanation  has  the  advantage  of  not  being  affected 
by  the  specific  gravities  of  the  elements  or  of  the  compound  j  and 
it  applies  equally  to  gases,  fluids,  and  solids. 


Article  VII. 
Magnetical   Ohservations  at   Hackney  Wick.     By  Col,  Beaufoy. 
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In  deducing  the  mean,  the  observation  on  the  noon  of  the  30(h 
and  26th,  and  tlie  observations  on  the  evening  of  tiie  27th,  '28th, 
29th,  and  SOth,  are  rejected.  On  Sept.  26,  rain  fell.  On  the  27th, 
hard  nmi,  with  thunder  and  strong  wind.  Sept.  29,  the  sky  was 
very  black  in  the  west^  and  hard  rain  fell  afterwards.  Sept.  30, 
rain. 

„  .     ^  „      {Between  noon  of  tlie  1st  Sept.?  ,  ,„„  .     , 
Ram  rallen  <u  .  c  .1     1      /-»       ^  I'lOO  ii.c!). 

I  Between  noon  of  tlie  1st  Oct.  J  ■••^-"• 

Evaporation  during  tlie  same  period 2*600 


Article  VIII. 


Some  Remarks  on  the  Theory  of  the  EqidUh'imn  of  Radia7it  Heat^ 
and  on  some  Difficulties  started  against  that  Theory,  By  M.  P. 
Prevost,  Professor  of  Philosopiiy  at  Geneva.  * 

I.  In  the  Annals  of  Philosophy  for  May,  1S15,  vol.  v.  p.  338, 
there  is  a  very  good  refutation  of  some  objections  to  the  theory  of 
the  equilibrium  of  radiant  heat.  The  objections  mentioned  by  the 
author  of  tiiat  memoir  (Mr.  Richard  Davenport)  are  three  in 
number. 

The  first,  extracted  from  the  new  Edinburgh  Encyclopaedia,  is 
announced  in  these  terms  :  "  On  this  hypothesis  a  hot  body  ought  to 
cool  more  slowly  when  it  is  placed  near  a  large  body  of  inferior 


•  It  may  be  pioper  to  state,  that  this  paper  was  drawn  up  by  the  author  in  th« 
French  language,  and  that  I  have  translated  it  into  English.— T. 
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temperature  than  when  near  a  small  ohc  ;  because  in  the  former 
case  it  must  receive  more  calorific  emanalious  than  in  the  latter." 

The  second  is  repeated  in  the  same  work  from  Mr.  Murray.  It 
is  drawn  from  the  difference  in  the  radiation  of  two  bodies,  wliosc 
surfaces  arc  different ;  such,  for  example,  as  a  metallic  surface  and 
a  blackened  surface.  "■  Of  different  surfaces  which  at  a  given  tem- 
perature radiate  ditTcrent  quanthies  of  caloric,  that  which  radiates 
least  must  be  least  powerful  in  returning  caloric  to  the  thermometer, 
and  must  therefore  have  least  effect  in  counteracting  the  reduction 
of  temperature."  And  in  appjying  this  general  remark,  the  author 
of  the  ol)jection  concludes  from  it,  tliat  if  the  theory  of  the  equili- 
brium were  true,  it  would  follow  that  the  blackened  surface  (which 
radiates  most)  ought  to  produce  a  less  degree  of  cold  than  the  me- 
tallic surface  (which  radiates  ieast). 

I  may  attemjit  shortly  to  explain  what  is  merely  hinted  at  in  the 
ohjection  such  as  I  have  transcribed  it.  Two  bodies  colder  than  the 
room  are  supposed,  I  conceive,  to  be  presented  to  a  thermometer, 
one  of  them  terminated  by  a  metallic  surface,  the  other  by  a  black- 
ened surfiice.  It  is  known  that  the  blackened  body  will  soonest 
acquire  the  temperature  of  the  place,  and  therefore  will  sink  the 
thermometer  most  powerfully  during  th.e  time  of  its  heating. 

The  author  of  the  objection  seems  to  think  that,  according  to  the 
theory  of  equilibrium,  the  contrary  ought  to  happen,  because  the 
black  body  radiates  more  powerfully  than  the  metallic  surface;  and 
because  this  radiation,  in  part  compensating  the  loss  which  the  ther- 
mometer experiences  from  its  own  radiation,  ougiit  to  be  most  effi- 
cacious in  that  of  the  two  bodies,  which  radiates  most  abundantly. 

The  third  objeation  is  likewise  by  Mr.  Murray.  It  is  drawn  from 
the  following  experiment.  A  conical  metallic  tube,  about  iS  inches 
long,  one  inch  in  diameter  at  its  narrowest  extremity,  and  live 
inches  at  its  widest,  polished  internally,  so  as  to  make  a  good  re- 
flector, is  placed  in  a  horizontal  situation.  A  very  sensible  thermo- 
meter is  placed  at  the  widest  end,  and  a  matrass  full  of  ice  at  the 
other.  The  thermometer  sinks  a  very  little.  The  experiment  is 
Kow  reversed  ;  so  that  the  thermometer  occupies  the  narrow  end, 
while  the  matrass  is  placed  at  the  widest  extremity.  In  this  case 
the  thermometer  sinks  much  more  rapidly- than  in  the  preceding. 
This  appears  to  the  author  of  the  objection  incompatible  with  the 
theory  of  the  equilibrium;  doubtless  because  he  conceives  that  the 
calorific  rays  ought  to  be  condensed  in  the  second  situation  of  the 
tube,  and  thereby  render  the  cooling  of  the  thermometer  less  sen- 
sible. 

This  experiment  originated  with  Count  Rumford  (Memoir  on 
Heat,  1804,  p.  146);  and  he  proposed  it  as  a  proof  of  the  frigo- 
rific  undulations,  which  he  admitted,  and  which  he  compared  to  the 
sonorous  waves.  I'his  objection  may  be  proposed  in  a  much  more 
simple  form.  In  a  place  where  the  temperature  is  uniform,  let  a 
thermometer  be  presented  to  the  narrow  end  of  the  tube  :  no  rise 
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whatever  will  ensue.  Those  who  make  the  preceding  objectioa 
ought  to  be  astonished  ai  this  result,  and  to  blame  the  theory  for 
not  explaining  it. 

Many  other  objections  may  be  started,  and  have  indeed  beea 
raised,  in  consequence  of  the  same  imperfect  and  erroneous  concep- 
tions. I  shall  only  mention  one,  which,  like  the  preceding,  has 
only  become  known  to  me  by  means  of  a  good  refutation. 

The  refutation  is  by  M.  Tremery,  who  has  inserted  it  in  the 
Nouveau  Bulletin  des  Sciences  (Aout,  1813,  No.  7l>  p.  323)  :  and 
the  objection,  the  author  of  which  he  does  not  name,  is  relative  to 
the  reflection  of  cold  by  means  of  two  concave  mirrors.  It  is 
known  that  t lie  theory  of  tlie  equilibrium  explains  the  result  of  this 
experiment  respecting  the  reflection  of  cold  with  the  same  facility 
as  it  does  the  reflection  of  heat.  It  is  needless  to  state  this  part  of 
the  theory,  which  is,  I  believe,  pretty  generally  known. 

To  this  explanation  it  is  objected,  that  the  matrass  of  ice  or  snow 
placed  at  one  of  the  foci,  being  supposed  to  radiate,  ought  to  send 
by  double  reflection  some  rays  to  the  thermometer  placed  in  the 
mlier  focus.  If  the  mirrors  were  withdrawn,  these  rays  would  be 
dissipated,  and  would  not  come  to  the  thermometer.  Therefore 
when  the  mirrors  are  removed,  the  thermometer  ought  to  sink,  and 
it  ought  to  rise  again  when  the  mirrors  arc  replaced,  which  is  con- 
trary to  the  matter  of  fact. 

II.  These  objections  have  been  foreseen  and  refuted  long  ago,  i» 
a  work  entitled  Dii  Calorique  Rayonnant,  which  I  published  in 
ISOy  (at  Geneva  and  in  Paris  ;  Paschouu).  Some  of  them  are 
even  peculiarly  answered,  particularly  that  one  drawn  from  the  ex- 
periment with  the  conical  tube  (Du  Calorique  Kayonnant,  §  113). 
i  have  therefore  only  to  refer  to  that  work.  But  as  philosophers 
occupied  with  this  subject  have  been  obliged  to  enter  into  consider- 
able details  in  order  to  get  rid  of  these  difficulties,  started  frequently 
.without  any  regard  to  tlie  previous  solutions  of  them,  it  will  not  be 
without  utility  to  state  here  as  simply  as  possible  the  principles  ou 
which  the  theory  depends,  and  on  which  the  answers  to  these  objec- 
tions de|)end.  These  principles  are  at  bottom  the  same  as  th.ose 
explained  by  iVIessps.  Tremery  and  Davenport ;  and  1  shall  state 
them  more  shortly,  and  perhaps  more  generally. 

1.  I  suppose  that  constitution  of  caloric  which  agrees  best  with 
the  phenomena  of  radiation  to  be  known  and  admitted.  It  is  a  dis- 
crete fluid,  every  particle  of  which  moves  rapidly  in  a  straight  line. 
These  particles  go,  one  in  one  direction,  and  another  in  another ; 
so  that  every  sensible  point  of  the  hot  space  is  a  centre,  from  which 
depart,  and  to  which  arrive,  rows  of  particles  or  calorific  rays. 

2.  A  reflector  in  a  place  of  uniform  temperature  sends  neither 
more  nor  fewer  calorific  rays  than  another  body. — In  fact,  the  re- 
flector will  not  i)c  called  of  the  temperature  of  the  place  till  the 
assertion  which  I  have  just  made  be  verified  :  and  in  a  short  time 
this  cannot  fail  to  happen  from  the  laws  of  the  equilibrium  of  heat. 

As  to  the  thermomctrical  elfect,  it  is  of  no  consequence  whether 
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the  rays  passing  from  the  body  be  transmitted  (that  Is  to  say,  ema- 
nated from  the  interior  of  the  body,)  or  reflected.  If  the  reflector 
is  perfect,  the  whole  current  is  composed  of  reflected  rays ;  if  it  is 
imperfect,  it  is  composed  of  reflected  and  transmitted  rays. 

The  most  convenient  way  of  representing  to  oneself  an  imper- 
fect reflector  is  to  conceive  its  surface  decomposed  into  two  parts, 
one  of  wliich  is  a  perfect  reflector,  while  the  other  does  not  reflect 
at  all. 

We  must  here  apply  the  laws  of  the  reflection  of  light.  In  par- 
ticular we  must  observe  that  the  surface  reflects  inwards  as  well  as 
outwards. 

3.  Every  calorific  ray  which  a  body  sends  by  emission  or  by  re- 
flection, only  replaces  another  ray,  which  would  take  the  same 
direction  if  the  body  were  withdrawn.*  This  is  a  necessary  result 
of  the  constitution  of  caloric;  for  whatever  be  the  direction  of  the 
rays  emitted  or  reflected,  there  is  one  which  follows  the  same  route, 
and  which  the  body  intercepts. 

4.  It  follows  from  this,  1.  That  in  a  place  of  uniform  tempera- 
ture, a  reflector  of  whatever  form  does  not  affect  a  thermometer 
subjected  to  its  influence.  2.  That  if  it  reflect  rays  emanated  from 
a  body  more  or  less  hot  than  the  place,  it  will  raise  or  depress  re- 
•pectively  the  thermometer  subjected  to  its  influence, 

III.  Tiie  application  of  these  principles  to  the  objections  detailed 
offers  no  difiiculty.  Let  us  take  for  an  example  the  first  two  objec- 
tions stated  in  the  New  Edinburgh  Encyclopaedia. 

1.  A  hot  body,  it  is  said,  ought  to  cool  slower  before  a  large  cold 
body  than  before  a  small. 

The  objector  forgets  that  each  of  the  rays  which  the  cold  body 
sends  merely  replaces  the  ray  which  the  cold  body  intercepts.  The 
intercepted  ray  being  hotter  than  that  which  comes  in  its  place,  it  is 
easy  to  see  that  the  more  of  these  substitutions  take  place  (or,  in 
other  words,  the  largei;  the  cold  body  is)  the  greater  will  the  cuoling 
effect  be. 

2.  Two  bodies,  the  one  with  a  metallic,  the  other  with  a  black- 
ened, surface,  are  presented  to  a  thermometer.  It  is  alleged  that 
the  blackened  body  ought  to  cool  the  thermometer  least,  because  it 
radiates  most. 

Here  the  objector  has  not  thought  of  the  portion  of  radiant  heat 
which  these  bodies  give  out  by  reflection.  This  portion  is  not 
changed  by  the  clnnge  of  temperature  of  the  body.  It  subsists 
quite  entire.  The  portion  emitted  only  is  diminished.  Therefore 
by  the  same  diminution  of  temperature,  that  one  of  the  bodies 
which  emits  the  most  (the  blackened  surface)  ought  to  radiate  least; 
that  one,  on  the  contrary,  which  is  the  best  reflector  (the  metallic 
surface)  ought  to  radiate  most,  which  is  conformable  to  experience. 

*  It  is  to  be  undprstood  tliat  we  speak  of  a  hot  place,  (hat  is  to  say,  where 
caloric  radiates.  If  the  interccptiiig  body  is  of  the  same  temperature  with  the 
place,  the  ray  which  it  replaces  is  equal  to  itself.  If  not,  this  ray  or  row  of 
particles,  is  more  or  less  abundant  in  caloric. 
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This  is  explained  in  the  work  cited  above.  (Du  Calorique  Rayon- 
nant,  §  121.) 

A  good  method  of  judging  of  this  effect  is  to  take  an  extreme 
case.  Let  us  suppose  the  body  to  be  a  perfect  reflector.  In  this 
case  the  internal  cooling  of  the  body  would  make  no  alteration  in 
its  radiation.  The  thermometer  exposed  to  its  influence  would  not 
be  affected  by  it.  In  fact,  before  the  cooling,  the  temperature 
being  uniforni,  the  body  would  radiate  by  reflection,  and  this  radia- 
tion would  be  precisely  equal  to  that  of  all  the  bodies  in  the  same 
place  :  and  since  it  is  supposed  a  perfect  reflector,  it  would  not  emit 
any  heat.  Every  thing  continues  the  same  after  the  interior  cooling 
of  this  reflecting  body, 

1  confine  myself  to  these  two  objections.  They  are  sufficient  for 
pointing  out  the  method  of  answering  all  the  others. 

Thus  it  ap])ears  that  in  order  to  be  able  to  refute  objections  of  this 
nature,  nothing  more  is  necessary  than  to  understand  well  th& 
theory  against  which  they  are  made.  Those  who  have  been  struck 
with  these  objections  without  sufiiciently  examining  this  theory  ; 
and  in  particular  the  celebrated  philosophers  who  have  given  them 
weight  by  inserting  them  in  their  works,  will  probably  find  it  just 
and  useful  to  insert  also  the  answers  to  them,  if  they  appear  to 
thera,  as  they  do  to  me,  perfectly  satisfactory. 

IV.  It  is  doubtless  very  useful  that  the  objections  which  occur  to 
philosophers  against  a  probable  theory  should  be  explained  at  some 
length,  and  laid  before  those  who  are  examining  that  theory.  The 
consequence  is  a  discussion  which  must  be  of  advantage  to  the  side 
of  truth.  It  is  therefore  always  with  a  kind  of  gratitude  that  I  meet 
with  such  objections  against  the  ecjnilibrium  of  heat:  and  1  expe- 
xience  a  kind  of  dissatisfaction  when  I  meet  with  mere  Indications 
of  some  difficulty,  without  its  being  possible  for  me  to  divine  in 
what  they  consist.  Time  is  lost  in  seeking  for  them.  One  runs  the 
risk  of  being  deceived  ;  and  it  may  easily  happen  that  when  we 
think  we  are  untying  the  knot,  we  are  only  pursuing  useless  re- 
searches without  an  object.  In  my  Treatise  on  Caloric  (p.  93,  note) 
1  have  given  an  example  of  this  kind  of  uncertainty. 

More  recently  I  have  been  in  an  equal  state  of  uncertainty  on 
reading  a  note  in  p.  105  of  the  excellent  work  of  Dr.  Wells  on 
Dew.  Few  works  have  so  much  interested  me ;  few,  I  believe, 
show  more  completely  the  genius  for  observation  and  the  love  of 
truth,  f  could  not,  therefore,  be  indifferent  to  the  opinion  of  so 
distinguished  an  author  respecting  an  explanation  connected  with 
the  theory  of  the  equUibnum  of  heat,  which  I  still  consider  as  cor- 
rect.    The  note  to  which  I  allude  is  as  follows  : — 

*'  I  once  intended  to  add  here  an  explanation  of  some  curious 
observations  l)y  M.  Prevost,  of  Montauban,*  on  dew,  which  were 
published  first  by  himself  in  the  -Idth  No.  of  the  F^rcnch  Annals  of 

•  The  niilliiir  lias  inserted  here  Beoanron  ii^jlcnd  of  Montauban.  1  liavc  cor- 
Ttcttii  tliii  slijdt  uiisluke. 
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Chemistry,  and  afterwards  by  M.  Prevost,  of  Geneva,  in  his  Essay 
on  Radiant  Heat;  but,  fearing  to  be  very  tedious,  I  have  since 
given  up  the  design.  I  will  say,  however,  that  if  to  what  is  now 
generally  known  on  the  different  modes  in  which  heat  is  communis 
cated  from  one  body  to  another,  be  added  the  two  following  circum^ 
stances,  that  substances  become  colder  than  the  air  before  they 
attract  dew,  and  that  bright  metals  when  exposed  to  a  clear  sky  at 
night  become  colder  than  the  air  much  less  readily  than  other  bo- 
dies, the  whole  of  the  appearances  observed  by  JVl.  Prevost  may  be 
easily  accounted  for." 

Dr.  Wells  having  under  his  inspection  my  treatise  on  radiant 
heat,  the  principles  of  which  he  has  adopted,  could  not  but  have 
read  my  explanation  of  the  curious  phenomena  observed  by  my 
relation,  and  which  this  last  Gentleman  has  adapted.  Since,  then, 
in  the  above  note,  the  author  speaks  of  the  explanation  of  these  phe- 
nomena as  still  to  seek  for,  it  would  seem  that  mine  did  not  appear 
satisfactory  to  him.  It  is  impossible  for  me  to  divine  what  fault  he 
finds  with  it ;  and  I  mention  the  subject  here  in  order  to  be  informed 
of  this  particular,  and  to  draw  the  attention  of  philosophers  to  it. 
What  embarrasses  me  most  is,  that  my  explanation  is  founded  on 
the  very  same  principles  which  the  author  announces  would  have 
heen  his  own.  Though  this  subject  be  known  and  explained  in 
works  within  the  reach  of  every  man  of  science,  1  trust  I  shall  be 
excused  for  dwelling  upon  it  a  little  here. 

The  phenomenon  is  this.  Two  masses  of  air  of  unequal  tempe- 
ratures being  separated  fiom  each  other  by  a  plate  of  glass,  if  we 
apply  a  leaf  of  metal  on  one  of  the  faces  of  the  glass  plate,  the 
face  opposite  to  this  leaf  attracts  or  repels  humidity  according  as  the 
metallic  leaf  is  on  the  hot  or  the  cold  side  respectively.  The  ex- 
planation consists  in  conceiving  the  naked  side  of  the  glass  thus 
covered  as  a  vessel  [unpoele)  destined  to  be  dried,  and  the  metal  as 
a  screen.  If  the  screen  is  put  upon  the  hot  side,  the  vessel  cools, 
and  humidity  accumulates  on  the  naked  glass  on  the  cold  side.  If 
the  screen  is  on  the  cold  side,  it  prevents  the  heat  from  being  dissi- 
pated after  traversing  the  glass,  and  consequently  the  vessel  be- 
comes hot,  and  the  humidity  disappears  from  the  naked  glass  on  the 
hot  side.  I  found  this  explanation  on  the  property  which  metal  has 
of  reflecting  seven  or  eight  times  more  caloric  than  glass.  (Du 
Calorique  Rayonnant,  §§  195,  et  suiv.)  If  any  attention  be  paid 
to  this  subject,  it  will  be  seen  that  the  principles  of  this  explanation 
differ  in  nothing  from  those  of  Dr.  Wells.  But  no  doubt  he  em- 
ploys them  in  a  different  way  from  me  ;  and  I  am  really  impatient 
to  know  in  what  this  difference  consists. 

V.  I  have  nothing  further  to  say  on  the  principal  object  of  this 
memoir,  which  was  to  reduce  to  very  simple  principles  the  answer 
to  some  objections  against  the  equilibrium  of  heat.  But  I  shall  take 
an  opportunity  of  making  a  remark  on  a  set  of  experiments  con- 
nected with  this  theory,  published  by  M.  Ruhland  in  the  Jour,  de 
J'hys.  for  Nov.  1813.     A  part  of  these  experiments  proves  directly 
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the  equilibrium  of  heat  in  a  state  of  uniform  temperature  as  the 
author  himself  has  observed.  In  fact,  these  experiments  show  us 
tlie  evaporation  of  camphor  by  the  radiation  of  different  bodies  pro- 
portional tu  the  greater  or  smaller  disposition  of  these  bodies  to 
radiate,  even  when  the  temperature  is  uniform  ;  or,  in  other  tei-rns, 
even  when  the  equilibrium  of  calorie  exists.  Hence  it  follows  that 
radiation  exists  even  in  this  state  of  equilibrium.  1  his  direct  expe- 
riment seems  to  confirm  in  a  satisfactory  manner  the  numerous 
arffuraents  in  favour  of  the  theory  of  the  equilibrium  of  heat. 

The  memoir  of  M.  Ruhland  contains  several  other  interesting 
facts,  which  appear  to  me  to  flow  directly  from  the  general  laws  of 
heat.  For  example.  lamp-hla<  k,  wbich  is  known  to  be  one  of  the 
most  powerful  radiators  of  lu-ai,  s.,blunes  or  evaporates  camphor 
very  rapidly.  But  if  a  metallic  plate  is  placed  over  the  lamp-black, 
the  evaporation  is  immediately  retarded.  The  calonc  of  the  inferior 
strata  is  intercepted  by  this  screen,  or  by  this  change  of  medmm. 

I  do  not  choose  to  eater  into  further  details  on  this  subject,  which 
is  beyond  the  particu!  u  point  cf  theory  that  I  was  anxious  to  illus- 
trate,      __■ 

Article   IX. 

Analyses  of  Books. 

Hints  for  estabUshing  an  Office  in  Navcastle  for  collcdhig  and 
recordhw  authadk  Infijrmniion  relative  to  the  State  of  tlie  Lot- 
lieries  in  its  Neighbairhood,  and  the  Progress  that  has  been  made 
towards  ascerlain'mg  tlie  Nature  and  Condiiutton  of  the  Slmta  below 
those  Smms  to  which  the  Workings  in  this  Country  have  been  con- 
fmtd.  By  Wm.  Thomas,  Esq.  To  wide-',  are  added  Obseruations 
on  the  Necessity  of  adopting  legislative  M-^a^res  to  diminish  the 
probability  of  the  recurrence  of  fatal  Acdd^nts  tn  Collieries,  arid  to 
prolong  the  Duration  of  the  Coal  Mines  of  the  United  Kingdoms. 
By  Wm.  Chapman,  Esq.  Civil  Engineer.  Being  two  Essays  read 
at  a  Meeting  of  the  Literary  and  Philosophical  Society  of  New-. 
castle-upon-fyne,  and  published  by  order  of  the  Society.     1815. 

Tins  pamphlet  contains  a  proposal  to  establish  a  Society  in  New- 
caslle-upon-Tyne,  by  whom  all  the  facts  respecting  the  collieries  on 
the  Tyne  and  Wear  are  to  he  collected  and  registered.  When  a 
colliery  is  abandoned,  an  exact  plan  of  it  is  to  be  constructed,  ex-,, 
liibiting  those  parts  in  which  the  coals  have  been  wrought  out,  and 
those  in  which  they  have  been  abandoned.  The  consequence  ot 
^  this  plan  would  be  that  by  degrees  a  complete  knowledge  of  al  the 
underground  workings  would  be  acquired.  It  is  obvious  that  all  the 
abandoned  collieries  must  be  filled  with  water,  and  that  unless  an 
exact  knowledge  of  them  is  obtained,  it  must  become  more  and 
more  difficult  every  year  to  sink  new  pits.    Indeed  the  tirae  must 
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come  wlien  the  raining  for  coals  must  be  abandoned  altogether,  for 
•Want  «f  such  knowledge.  Mr.  Chapman  cives  examples  of  great 
expense  already  incurred  in  vain,  merely  from  not  knowing  what 
part  of  the  coal-bed  had  been  wrought  out.  But  when  the  whole 
hiali  main  shall  have  been  exhausted,  it  will  be  necessary  to  have 
recourse  io  the  low  main.  Now  this  will  be  hardly  possible  vvithout 
an  exact  knowledge  of  the  workings  of  the  high  main.  Here  and 
there  considerable  bodies  of  coal  are  left  for  the  safety  of  the  miners 
and  the  good  of  the  mine.  Through  these  bodies  it  would  be  pos- 
sible to  penetrate  to  the  low  main  without  the  risk  of  being  inun- 
dated by  water ;  but  this  cannot  be  done  unless  the  exact  position 
of  these  bodies  of  coal  be  known. 

Mr.  Chapman  has  shown  that  such  a  plan,  though  absolutely 
necessary  for  the  good  of  the  country,  can  never  be  executed  with- 
out the  interference  of  the  Legislature.  Indeed  this  is  sufficiently 
obvious.  The  proprietors  of  the  collieries,  from  mistaken  views  of 
self  interest,  are  anxious  to  conceal  every  fact  which  they  obsen'e 
from  the  public.  Hence  it  is  quite  obvious  that  they  will  never  of 
their  own  accord  form  such  a  society  as  is  described  in  the  pamphlet 
before  us ;  and  that  if  such  a  society  be  formed  by  others,  they  will 
communicate  no  information  to  it  unless  compelled  by  an  Act  of 
Parliament.  As  to  the  coal  viewers,  they  appear  to  be  averse  to  all 
publicity  and  all  changes  in  the  present  mode  of  working  the  col- 
lieries. This  I  conclude  from  a  fact  which  I  certainly  should  not 
have  believed  a  priori.  Though  several  hundred  colliers  lose  their 
lives  every  year  by  explosions  of  carbureted  hydrogen,  and  though 
they  have  been  expressing  a  great  anxiety  to  discover  a  mode  of  de- 
stroying this  gas,  not  one  of  them  has  ever  thought  of  trying  the 
lamp  of  Dr.  Reid  Clanny,  of  Sunderland,  though  a  model  of  it  has 
been  within  their  inspection  for  several  years,  and  though  there 
cannot  be  the  least  doubt  that  it  would  effectually  prevent  all  such 
accidents.  They  may  perhaps  allege  that  it  is  more  expensive  than 
the  present  mode  of  lighting  the  mines.  I  should  like  to  know  at 
what  they  estimate  the  lives  of  300  or  400  men  ;  or  what  additional 
expense  to  the  country  it  is  to  support  the  widows  and  children  of  so 
many  workmen  that  have  perished  in  their  service,  because  they  did 
not  choose  to  increase  the  expense  of  lighting  their  mines.  But 
setting  tills  aside,  if  we  consider  the  damage  often  done  by  these 
explosions,  and  the  money  requisite  to  put  the  mine  in  order  again, 
I, am  not  sure  if  the  difference  of  expense  would  not  be  in  favour 
of^  Dr.  Clanny's  lamp.  Besides,  nothing  would  be  more  easy  than 
to  substitute  coal  gas  for  oil ;  and  a  small  steam-engine  might  easily 
be  made  to  supply  all  the  lamps  with  the  requisite  quantity  of  air.; 
Such  a  substitution  would  make  the  lamps  cheaper  than  the  present 
mode  of  lighting  the  mines;  and  it  would  have  the  unspeakable  ■ 
advantage  of  preventing  all  deaths  from  the  explosion  of  carbureted 
hydrogen  gas.  What  excuse  or  apology  can  the  proprietors  of  the 
mines  and  the  coal-viewers  make  for  never  having  made  a  single 
attempt  to  improve  the  present  wretched  and  absurd  mode  of  light- 
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ing  their  mines  after  other  and  better  methods  have  been  suggested 
to  them  ?  One  would  be'^empted  to  suppose  them  entirely  regard- 
less of  the  lives  of  thefr workmen. 

'"'ITie  Literary  and  Philosophical  Society  of  Newca?t1e-i!pon-Tyne 
should  apply  to  the  county  members  of  Northuniberland  and  Dor- 
ham,  and  to  the  different  members  for  boroughs  within  these  coun- 
ties, to  lay  the  case  before  the  House  of  Commons,  and  represent 
the  necessity  of  legislative  interference  in  order  to  preserve  to  the 
country  the  great  benefits  arising  from  the  collieiies  on  the  Tyne  and 
Wear.  There  can  be  no  doubt  that  an  Act  of  Parliament  would 
be  readily  procured,  establishing  an  institution  similar  to  that  pro- 
posed in  the  pamphlet  before  us.  Jt  would  be  better  that  no  fees 
were  exacted  for  liberty  of  inspecting  the  plans,  or  at  least  they 
should  he  trifling  ;  for  such  things  are  extremely  liable  to  be  abused, 
and  to  destroy  the  oliject  in  view, 

'Tn  all  parts  of  Europe,  where  mining  has  been  carried  to  a  great 
degree  of  perfection,  it  has  he  en  under  the  inspection  and  controul 
Cf  Government.  That  coal-mines  should  be  in  this  predicamentj 
and  that  exact  plans  should  be  preserved  of  all  the  excavations,  and 
of  all  the  coals  left,  is  too  obvious  to  require  any  illustration. 
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Account  of  the  Labours  of  the  Class  of  Mathematical  and  Physical 
Sciences  of  the  Royal  Institute  of  France  during  the  Year  1814. 

h- Physical  Department.     By  M.  le  Chevalier  Cuvier,  Perpetual 
'•'''  Secretary, 

{Continutd  from  p.  229.)  , 

M.  Risso,  author  of  the  Ichthyology  of  Nice,  has  sent  to  the 
Class  a  supplement  to  that  work,  in  which  he  describes  several  fishes 
that  he  was  not  acquainted  with  when  he  published  his  work.  Some 
of  these  are  very  interesting,  by  the  peculiarities  of  their  character. 

M.  Lamouroux  has  extended  and  completed  his  great  work  on 
the  polypi  history,  of  which  we  have  spoken  two  years  ago,  and  it 
is  to  be  boped  that  he  vvill  soon  publish  it. 

M.  Magcndie's  fine  experiments  on  vomiting  will  be  recollected, 
and  the  invitation  by  the  Class  to  examine  the  part  vvliich  the 
oesophagus  may  have  in  this  disorderly  movement  of  the  stomach. 
Though  these  researches  have  not  yet  led  to  a  decisive  result,  they 
appeared  to  him  sufficiently  interesting  to  be  communicated. 

The  alternate  contractions  and  relaxations  of  the  oesophagus 
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appear  to  bira  to  take  place  only  in  the  lowest  third  of  it,  where  it 
is  chiefly  excited  by  the  nerves  of  the  eighth  pair.  The  coutr«ction 
increases  much,  and  continues  a  long  time,  when  the  stomach  is 
full.  When  the  oesophagus  is  cut  and  detached  from  the  diaphragm, 
the  injection  of  tartar  emetic  into  tlie  veins  does  not  produce 
vomiting  :  its  introduction  into  the  stomach  becomes  necessary. 

M.  Delpech,  Professor  of  Surgery  at  Montpellier,  lias  sent  a 
memoir  to  the  Class  on  the  hospital  sore,  a  kind  of  gangrene  which 
affects  the  sores  when  the  wounded  patients  are  too  numerous.  He 
has  ascertained  that  this  dreadful  malady,  of  which  few  practitioners 
have  spoken,  is  produced  by  a  local  contagion.  It  is  propagated  by 
the  linen,  the  charpee,  and  the  instruments.  Its  progress  is  slower 
when  the  patients  can  be  exposed  to  a  current  of  air.  The  most 
minute  attention  to  cleanliness  is  necessary  to  prevent  it  from 
spreading.  But  the  only  true  remedy,  according  to  M.  Delpech, 
is  the  application  of  the  actual  cautery  to  the  parts  affected  with  it. 
Some  years  ago  M.  Maunoir,  surgeon  in  Geneva,  sent  a  memoir 
on  the  advantages  of  the  method  of  amputation  invented  in  Eng- 
land, and  which  consists  in  cutting  the  skin  lower  down  than  the 
bone  and  the  muscles,  so  as  to  preserve  a  sufficient  quantity  to 
cover  the  stump,  by  bringing  it  immediately  in  contact. 

M.  Roux,  surgeon  at  Paris,  has  presented  a  memoir  on  the  same 
subject,  in  which  he  has  shown  from  his  own  experiments  that  this 
method  diminishes  the  sufferings  of  the  patient,  that  it  prevents 
haemorrhages  and  suppuration,  that  it  greatly  accelerates  the  cure 
of  the  sore,  and  that  it  leaves  the  stump  in  a  more  convenient  state, 
and  subject  to  fewer  accidents.  He  points  out  the  precautions  neces- 
sary to  avoid  some  inconveniences  ascribed  to  it  by  those  who  per- 
formed it  ill,  and  particularly  to  afford  the  blood  and  pus,  if  any  be 
formed,  a  sufficient  passage.  M.  Percy,  our  associate,  who  em- 
ployed it  since  his  youth,  and  who,  as  he  informs  us  himself,  has 
had  the  melancholy  advantage  of  amputating  more  limbs  than 
perhaps  any  surgeon  that  ever  existed,  expresses  strongly  in  his 
report  his  wish  that  the  memoir  of  M.  Roux  may  soon  render  so 
useful  a  process  general. 

Two  young  surgeons  of  Paris,  MM.  Lisfrand  and  Champenne, 
have  made  known  their  method  of  amputating  the  arm  at  its  upper 
joint,  one  of  the  most  difficult  operations  in  the  surgical  art.  By 
making  the  instrument  penetrate  under  the  two  eminences  of  the 
omoplaie,  called  acromion  and  coracoid  process,  they  reach  directly 
the  capsule  of  the  joint,  and  terminate  the  operation  more  quickly 
than  by  any  of  the  methods  employed  before  them. 

M.  de  Saissy,  surgeon  at  Lyons,  has  cured  several  deaf  people  by 
injections  into  the  cavity  of  the  tympanum,  through  the  tube  of 
Eustachius.  He  has  sent  to  the  Class  an  account  of  his  method,  and 
the  history  of  the  cures  which  he  has  performed. 

The  treatise  on  poisons  by  M.  Orfila,  of  which  we  announced  the 
first  volume  in  our  last  year's  report,  has  been  continued,  and  the 
second  volume  submitted  to  the  Class  in  manuscript.    It  treats  of 
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the  deleterious  effects  of  preparations  of  tin,  zinc,  silver,  gold,  of 
the  concentrated  mineral  acids,  the  caustic  alkalies,  phosphorus, 
cantharides,  lead,  and  iodine;  togetlier  with  an  appendix  on  the 
antidotes  of  corrosive  sublimate  and  arsenic.  The  author  explains 
vvith  care,  and  from  new  and  exact  experiments,  the  physiological 
effects  of  these  substances,  whether  swallowed,  or  injected  into  the 
veins. 

Milk,  according  to  M.  Orfila,  is  the  antidote  to  muriate  of  tin  j 
common  salt,  to  nitrate  of  silver  or  lunar  caustic  ;  calcined  mag- 
nesia, to  the  acids,  provided  it  be  administered  very  quickly;  the 
sulphates  of  soda  and  magnesia,  when  taken  in  great  quantity  and 
repeatedly,  stop  the  effects  of  the  salts  of  lead  and  barytes;  and  acetic 
acid  is  the  remedy  against  the  action  of  the  alkalies. 

M.  Orfila  shows  that  charcoal,  which  had  been  recommended 
against  corrosive  sublimate  and  arsenic,  has  no  effect.  It  is  of  great 
importance  to  know  the  inefficacy  of  a  remedy  against  evils  so  rapid 
that  there  is  no  time  to  bestow  upon  them  any  thing  useless. 

M.  Huzard  has  carefully  informed  the  Class  of  the  progress  and 
terminarion  of  that  terrible  disease  which  has  destroyed  most  of  the 
horned  cattle  in  those  provinces  into  which  the  war  brought  its 
ravages.  It  is  a  bilious  and  putrid  fever,  very  contagious,  which, 
though  it  does  not  exist  in  Hungary,  is  always  produced  when  the 
cattle  of  that  country  are  carried  to  a  distance  in  the  train  of  armies. 
The  total  interruption  of  communication  was  the  only  efficacious 
preservative  ;  but  no  remedy  was  capable  of  saving  the  individuals 
attacked.  Fortunately  their  flesh  was  not  unhealthy,  which  dimi- 
nished a  little  the  ruin  of  their  proprietors. 

The  same  member  has  read  a  notice  on  a  disease  which  had  broken 
out  among  the  cattle  in  the  village  of  Rosny,  and  which  different 
circumstances  led  the  people  to  consider  as  hydrophobia.  He  ascer- 
tained that  it  was  only  a  gangrenous  quincy. 

M.  le  Marquis  de  Cubieres,  correspondent,  has  composed  a  work, 
the  manuscript  of  which  he  has  submitted  to  the  Class.  It  treats  of 
the  culture  of  those  gardens  which  we  call  improperly  English 
gardens,  though  the  celebrated  comic  actor  Dufresny  passes  for 
having  presented  the  first  model  of  them  to  France  towards  the  end 
of  the  seventeenth  century.  The  author  collects  all  the  aids  of 
botany  and  natural  philosophy  to  an  art,  which  has  long  amused  his 
leisure  hours,  and  explains  them  in  the  elegant  style  naturally  in- 
spired by  his  subject,  and  suitable  to  those  to  whom  chiefly  he 
destines  his  book. 

M.  Tollard,  farmer  and  merchant  at  Paris,  has  proposed  some 
compositions  of  artificial  meadows,  formed  of  certain  plants  which 
he  associates  in  consequence  of  the  habit  that  they  have  of  growing 
together,  and  vvith  a  view  to  the  different  soils,  and  to  the  qualities 
which  tiiese  plants  communicate  to  the  hay.  These  groupcs  re- 
quire to  be  tried  for  some  years  before  they  can  be  recommended  for 
practice. 
The  same  author  has  presented  a  history  of  the  useful  vegetables, 
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wbich  have  been  introduced  within  these  ten  years  into  French 
agiiculture  ;  and  a  particular  memoir  on  the  dahlia,  a  plant  newly 
spread  over  our  gardens.  Its  flower  constitutes  a  fine  ornament,  and 
its  roots  are  larger,  and  almost  as  good  for  food  as  those  of  the 
potatoe. 

Among  the  buds  of  trees  there  are  some  which  do  not  spread  out 
y/'nh  the  others,  and  which  are  called  dead  eyes,  but  which  should 
rather  be  called  sleeping  eyes ;  for  they  may  be  brought  out  of  that 
lethargy  even  after  it  has  continued  lor  several  years.  It  is  generally 
owing  to  the  tendency  of  the  sap  to  go  to  the  superior  buds,  and  to 
elongate  them  into  great  branches.  The  lower  buds  by  this  means 
•are  deprived  of  the  nourishing  fluid.  This  is  no  inconvenience  in 
the  trees  destined  merely  to  produce  wood  or  to  furnish  shade.  But  in 
fruit-trees  in  which  we  wish  to  dispose  of  the  branches  in  a  certain 
order,  we  ajre  sometimes  obliged  to  put  grafts  in  the  places  which  the 
dead  eyei  occupy,  a  method  both  tedious  and  uncertain.  M.  Marion 
de  la  Martiniere  has  practised  a  simpler  and  more  successful  method. 
Jt  is  to  make  a  small  cut  above  the  d'^ad  eye  in  form  of  a  V  reversed, 
and  as  deep  as  the  alburnum.  By  thus  stopping  the  progress  of  the 
ascending  sap,  it  is  obliged  to  deyelope  the  bud,  or  to  produce 
pther§. 

\yp  may  likewise  reckon  among  the  labours  of  the  Class  in  agri- 
culture tlie  memoirs  on  the  Spanish  sheep  called  merinos,  by  MM. 
Tessier  and  Vvard ;  the  description  of  the  practical  school  of  agri- 
culture, by  M.  Thouin  ;  and  the  essay  of  a  rural  code,  by  M.  de 
la  Bergerie,  correspondent.  But  as  these  books  have  been  published 
for  several  months,  it  is  only  necessary  to  mention  their  titles. 

A  contrary  reason  induces  us  to  make  some  observations  on  a 
considerable  work  which  M.  de  Lasteyrie  du  Saillant  has  presented 
to  the  Class,  on  all  the  branches  of  agriculture,  and  of  the  rural 
and  domestic  economy  of  the  Chinese.  It  is  collected  from  all  the 
authors  who  have  written  on  China,  and  embellished  by  a  great 
rumber  of  figures  drawn  in  China,  and  by  Chinese,  in  which  are 
represented  ^11  ^he  proceedings  of  their  industry,  and  all  the  instru- 
ments which  they  employ.  This  great  empire,  in  which  an  im- 
poense  population  is  entirely  supported  by  agriculture,  and  in  which 
this  art  has  been  uninterruptedly  honoured  and  protected  since  the 
first  establishment  of  the  monarchy,  cannot  but  have  made  great 
progress  in  it  :  and  in  fact  M  de  Lasteyrie  makes  us  acquainted 
with  different  instruments,  more  simple  and  commodious  than  those 
which  we  employ  for  the  same  purposes,  and  points  out  to  us  pro- 
cesses which  might  be  advantageously  folluwed  here,  principally  in 
the  culture  of  fruit-trefs.  We  might  even  imitate  the  Chinese  in 
their  dyeing  processes.  Thus  they  prepare  a  blue  with  some  species 
of  le/ioutes,  very  common  here,  which,  if  adopted  by  us,  might 
diminish  the  consumption  of  indigo. 

M.  Yvard,  become  lately  an  associate,  had  presented  while  a 
|;orres|)ondent  a  large  treatise  on  the  plants  injurious  to  corn,  and 
Oil  the  method  of  keeping  cultivated  land  frep  from  theip.    What 
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are  usually  called  weeds,  are  children  of  nature,  wild  planis  whose 
territory  is  daily  invaded  by  cultivated  plants,  but_  which  endeavour 
bv  all  the  means  in  their  power  to  inanitain  their  ground.  They 
sin  recover  their  soil  if  man  neglect  them.  The  wind,  water,  and 
animals,  transport  their  seeds ;  the  earth  conceals  them  tor  a  long 
time,  and  they  vegetate  when  the  favourable  moment  comes  _  Ihe 
imprudent  farmer  often  sows  them  himself  in  the  inanure  which  he 
lavs  on  the  fields.  M.  Yvard,  who  mentions  more  than  300  species, 
describes  all  the  care  and  all  the  stratagems  which  must  be  employed 
in  the  kind  of  war  which  the  farmer  must  carry  on  against  thera, 
and  be  treats  his  subject  from  actual  experience. 

Tills  skilful  farmer  has  done  a  still  greater  favour  to  agriculture  by 
publishing  last  spring,  through  the  medium  of  the  journals,  the 
methods  which  his  experience  has  suggested  as  the  most  proper  to 
repair  the  losses  occasioned  by  the  events  of  war  among  the  corn  and 
the  era^s  He  has  had  the  happiness  to  see  his  counsels  fructily. 
It  could  not  be  perceived  by  the  price  of  corn  that  our  finest  pro- 
vinces have  been  the  fields  of  battle.  It  is  by  such  applications  ot 
agriculture  and  art,  perfected  by  the  spirit  of  the  sciences  that 
France  has  for  twenty  years  contended  with  the  disasters  always 
renewed  of  a  cruel  war,  and  that  she  Ixas  been  able  to  bear  without 
sinking  the  painful  operation  on  which  depended  tjie  end  of  her  ills. 

(T»  be  continued.) 
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CONNECTED  WITH  SCIENCE.  JD-^mo 

I.  Lectures. 

A  Course  of  Lectures  on  the  Elements  of  Electrical  SciencB:, 
comprehending  Galvanism  and  Electro-Chemistry,  will  be  com- 
menced by  Mr.  Singer,  on  Monday,  Nov.  6,  at  No.  3,  Princes^^ 
street,  Cavendish-square.  ;+ 

II.  Largest  Diamond.  7 

The  largest  diamond  hitherto  found  is  in  the  possession  of  tlie 
Rajah  of  Mattan,  in  the  Island  of  Borneo,  in  which  island  it  \yas 
found  about  80  years  ago.  It  is  shaped  like  an  egg,  with  an  in- 
dented hollow  near  the  smaller  end.  It  is  said  to  be  of  the  finest 
water.  It  weighs  367  carats.  Now  as  1 56  carats  are  equal  to  i  o«. 
Troy,  it  is'obvious  that  this  diamond  weighs  2  oz.  169-87  gr.  Troy. 
Many  years  ago  the  Governor  of  Batavia  tried  to  purchase  this 
diamond.  He  sent  a  Mr.  Stuvart  to  the  Rajah,  who  offered  150,000 
dollars,  two  large  war  brigs  with  their  guns  and  ammunition,  toge- 
tlier  witii  a  certain  number  of  great  guns,  and  a  quantity  of  powder 
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and  shot.  The  Rajah,  however,  refused  to  deprive  his  family  of  so 
valuable  an  hereditary  possession,  to  which  the  Malays  attach  the 
miraculous  power  of  curing  all  kinds  of  diseases,  by  means  of  the 
water  in  which  it  is  dipped,  and  with  which  they  inuigine  that  the 
fortune  of  the  family  is  connected. — See  Dr.  Ltyddn'yarcouut  of 
Bor??eo,  in  the  seventh  volume  of'  the  Transactions  of  the  Lutavian 
Society. 

III.  Voyage  of  Discovei-y  io  Africa, 

The  gentlemen  appointed  by  Government  to  prosecute  the  disco- 
veries of  the  late  unfortunate  Mungo  Park  have  at  last  sailed  from 
England  for  the  coast  of  Africa.  They  are  Major  John  Peddie, 
Capt.  T.  Campbell,  and  Mr.  Covvdery,  staff  surgeon.  They  are 
said  to  be  very  well  qualified  for  the  task  which  they  have  under- 
taken. They  are  to  be  attended  by  a  company  of  Negroes.  The 
object  of  the  expedition  is  to  trace  the  Niger  from  the  place  at 
which  Mungo  Park  left  it  to  the  sea,  and  to  determine  whether  or 
not  it  be  the  same  with  the  Zayr. 

IV.  Death  (f  Gthlen, 

Adolph  Ferdinand  Gehlen,  whose  name  has  occurred  repeatedly 
in  the  Annals,  died  at  Munich  lust  summer  ;  or  perhaps  it  would  be 
more  proper  to  say  that  he  destroyed  himself,  since  he  persisted  in 
a  set  of  experiments  in  which  he  was  daily  exposed  to  the  fumes  of 
arsenic,  tliough  warned  by  his  friends  of  the  fatal  consequences  that 
would  ensue.  He  became  first  generally  known  to  the  chemical 
world  in  1803  by  the  publication  of  a  new  monthly  chemical  work, 
which  he  entitled,  Neues  Allgemeines  Journal  der  Chemie  (New 
Universal  Journal  of  Chemistry).  Of  this  journal  he  published  six 
volumes,  which  contain  a  great  deal  of  valuable  and  original  matter. 
In  1806  he  changed  the  title  to  Journal  fur  die  Chemie  und  Physik 
(Journal  of  Chemistry  and  Natural  Philusophy).  About  this  time 
he  was  chosen  a  Fellow  of  the  Academy  of  Sciences  of  Munich,  to 
which  capital  he  repaired.  Yet  he  still  continued  to  publish  his 
journal  at  Berlin.  But  it  was  infinitely  inferior  to  what  it  had  been, 
consisting  chiefly  of  translations  from  foreign  journals,  and  of  long 
papers  by  Ritter,  often  highly  absurd  and  ridiculous.  He  continued 
it,  however,  till  1810,  when  he  stopped  :  no  doubt  because  the  sale 
had  diminished  so  much  as  not  to  be  equivalent  to  the  expenses  of 
the  publication.  His  principal  discovery  was  the  mode  of  preci- 
pitating red  oxide  of  iron  by  succinate  of  soda  or  of  ammonia.  This 
discovery  has  been  of  considerable  use  in  the  chemical  analysis  of 
minerals. 

V.  Confirmation  of  Mr.  Rose's  Discovery  of  the  Alsence  of  Urea 
from  the  Urine  in  Hepatitis :  being  an  Extract  of  a  Letter 
from  Dr.  Henry,  of  Manchester. 

Soon  after  the  publication  of  Mr.  Rose's  paper,  in  your  number 
for  June^  a  medical  friend  (Dr.  Holme)  gave  me  a  specimen  of  th« 
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urine  of  one  of  his  patients,  a  female  labouring  under  chronic 
hepatitis.  He  had  been  struck  with  the  absence  of  most  of  the 
usual  qualities  ot  that  fluid,  such  as  colour  and  smell,  of  both  which 
it  was  nearly  destitute.  I  found  its  specific  gravity  to  be  only  1'0033 
(the  average  ol'  healtiiy  urine  being  r0200) ;  and  its  solid  contents, 
not  perfectly  dried,  did  not  exceed  25  grs.  from  the  wine  pint. 
Finding  that  no  precipitate  was  occasioned  by  adding  nitric  acid  to 
the  extract  dissolved  in  a  liitle  water,  I  tried  to  discover  urea  in 
another  portion  ol  the  same  urine  by  the  more  accurate  test,  which 
I  have  proposed,  of  distillation.  The  distilled  fluid  very  slowly  re- 
stored the  colour  of  reddening  litmus  paper,  but  did  not  precipitate 
muriate  of  lime.  It  could,  therefore,  have  contained  nothing  more 
than  a  mere  trace  of  carbonate  of  ammonia,  which  is  always  abun- 
dantly produced  by  the  distillation  of  natural  urine.  As  the  patient 
recovered,  the  urea  was  very  gradually  and  slowly  restored  to  the 
urine.  These  experiments  confirm  the  curious  discovery  of  Mr. 
Rose ;  to  which  it  niay  be  added,  that  the  urine  of  Dr.  Holme's 
patient  did  not  contain  an  appreciable  quantity  of  uric  acid.  I  was 
sorry  that  other  eng;!gemei:ts  interfered  at  the  time,  and  prevented 
me  from  determining  exactly  the  nature  of  its  other  contents. 

An  opportunity  lately  occuired  to  me  of  ascertaining  precisely  the 
proportion  of  urea  in  the  urine  of  a  patient  labouring  under  diabetes 
mellitus  in  its  most  perfect  form,  before  the  disease  was  influenced 
either  by  diet  or  medicines.  A  wine  j)int  gave  651  grains  of  solid 
extract;  and  of  this  only  16  grs.,  or  ^-'-p  P^''f)  were  urea.  No  urea 
could  be  discovered  by  the  action  of  nitric  acid.  The  processes 
employed  in  detecting  it  were  those  which  I  have  described  in  the 
Medico-Chirurgical  Transactions,  ii.  123;  and  in  youv  Annals  of 
Philosophy,  i.  31. 

P.  S  I  have  often  been  applied  to  of  late  to  know  where  the 
hydrometer  for  taking  the  specific  gravity  of  urine  may  be  purchased. 
It  may  l)e  acceptable,  tlierefore,  to  some  of  your  readers,  to  know 
that  a  more  easy  method  (and  a  preferable  one,  as  it  requires  a  much 
less  quantity  of  urine,  and  no  calculation)  is  to  weigh  the  urine  in 
a  bottle  which  holds  exactly  1000  grs.  of  distilled  water  at  60° 
Fahr.  up  to  a  mark  on  the  neck.  Bottles  of  this  sort,  with  a  proper 
counterpoise,  and  decimal  weights  in  a  case,  may  be  had  in  London 
of  Mr.  Knight,  41,  Foster-lane,  Cheapside ;  and,  I  dare  say,  of 
Mr.  Accum,  in  Compton-street,  and  other  makers  of  chemical 
apparatus. 

VI.  Atmospheric  Phenomenon, 

About  a  quarter  before  ten  o'clock  on  Tuesday  evening,  Sept.  26, 
Fomalhaut  being  a  little  to  the  ea:-t  of  the  meridian,  the  barometer 
being  2y*62,  and  the  thermometer  (j2°,  a  luminous  band  ap|)eared 
near  the  western  horizon,  and  extended  itself  gradually  towards  the 
cast,  until  it  occupied  a  line  bcginnini:  at  the  sixth  of  the  Eagle, 
passing  through  the  Fox  and  Goose,  betueen  the  fifth  and  sixth  of 
the  Swan,  across  Almaac,  in  Andromeda,  and  Medusa's  Head,  and 
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terminating  a  little  to  the  north  of  the  Pleiades.  It  was  very  bright, 
and  well  defined  near  its  western  extremity  ;  broader,  fainter,  and 
of  shorter  duration,  towards  the  east.  Its  medium  breadth  was 
about  five  detrrees,  and  it  continued  about  20  minutes. 

The  afternoon  of  Tuesday  was  very  wet,  with  violent  gusts  of 
wind  ;  for  some  time  before  this  luminous  appearance  the  sky  was 
nearly  covered  with  large  dark  Cimii/lous  clouds,  which  passed  away 
rapidly  towards  the  N.  E.  and  occasionally  shot  forth  faint  corusca- 
tions. The  barometer  and  thermometer  liad  been  very  variable  for 
some  daj's. 

At  eleven  p.  m.  the  sky  was  very  bright  near  the  northern  horizon 
for  about  a  quarter  of  an  hour,  but  no  Aurora  Borealis  appeared. 

No  opportunity  of  observing  the  magnetic  variation  occurred  at 
the  time.  '>j"->? 

VIl.  Queries  respecting  Fluxions. 

(To  Dr.  Thomson.)  t^ 

SIR, 

As  your  correspondent  JNIr.  Christison  recommends  the  study  of 
fluxions  after  the  pupil  has  become  acquainted  with  the  second  book 
of  Euclid,  he  would  render  me  an  essential  service  if  he  would 
have  the  goodness  to  mention  what  work  of  this  kind  he  thinks  is 
best  adapted  to  those  who  are  already  acquainted  with  the  first  six 
books  of  the  Elements.  Maclaurin's  is  the  only  one  1  have  seen, 
but  this  appears  too  tedious  and  abstruse  for  a  beginner,  otherwise 
it  appears  to  have  great  cnammendation,  from  the  geometrical 
manner  in  which  he  introduces  tlie  subject.  Should  you,  Sir,  be 
so  obliging  as  to  notice  this  application,  you  will  confer  a  favour  on 

Your  most  obedient  servant, 

Sept.  21,  1815.  A    SUBSCRIBKR  TO  THE  AnNALS. 

VIII.  Connaissance  des  Temps,  1S15. 

(To  Dr.  Thomson.) 
SIR, 

I  have  felt  some  disappointment  at  finding  that,  in  the  last 
rumber  of  our  Nautical  Almanac,  the  phenomena  and  observations 
(occultations,  &c.)  have  been  almost  entirely  omitted.  What  is 
the  cause  of  this  serious  omission  ?  In  the  number  for  this  year 
there  are  about  57  set  down,  in  the  column  alluded  to,  for  the 
twelve  months ;  but  in  the  Con.  des  Terns  for  this  year,  published 
in  Nov.  1812,  there  are  218.  Surely  our  ephemeris  is  not  to  become 
less  valuable  and  interesting  than  that  of  the  French  in  any  respect. 
I  have  not  great  confidence  in  the  accuracy  of  French  printing,  or 
I  should  prefer  theirs.  "  Les  occultations  d'etoiles  par  la  lune  etant 
les  phenomenes  les  plus  utiles  pour  determiner  avec  precision  les 
longitudes  gcographiques,  les  voyagers  ne  doivcnt  pas  negligcr  de 
les  observer ;  les  conjonctions  qu'on  indique  ici  serviront  a  les 
guider  pour  prevoir  \g&  occultations  qui  pourront  avoir  lieu  dans  les 
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pays  ou  ils  se  trouveront.    On  peut  encore  faire  usage  du  Zodiaquey 
publie  par  Lemonnier  (a  Paris  chez  Dezauche)  :  en  y  suivant  la 
route  de  la  lune,  au  moyen  de  ses  longitudes  et  latitudes,  et  ayant 
6gard  a  I'effet  de  la  parallaxe,  on  trouvera  a  tres-peu  pres  le  terns 
des  occultations  qui  pourront  avoir  lieu."     P.  207-— Is  any  such 
zodiac  published  in  England  ?  On  p.  206,  they  mention  a  parallactic 
machine  for  giving  the  point  or  place  of  emerdon.     Where  shall  I 
find  a  description  of  it  ?     On  p.  7,  it  is  erroneously  set  down  that 
there  will  be  a  total  eclipse  of  the  moon  on  the  26th  of  December, 
visible  at  Paris ;  and  no  notice  is  taken  of  an  eclipse  of  the  sun, 
Jan.  10  ;  another,  Dec.  30  ;  nor  of  one  of  the  moon,  Dec.  15  ;  all 
invisible  here.     On  p.  5,  tiie  Julian  period  is  stated  as  6530;  in 
the  English  ephemeris,  at  6528  :  and  the  apparent  obliquity  of  the 
ecliptic",  Oct.  1,  according  to  Delambre's  new  tables,  =    23°  27' 
43-3":  the  seconds  in  the  English  are  49-3'' !     In  a  meteorological 
iournal  for  1810,  given  at  p.  214,  the  magnetic  needle  was  22"  16' 
on   the  13th  March,  at  the  imperial  observatory  of  Paris.     This 
number  contains  copious  tables  of  the  longitudes  and  latitudes  of 
places,  and  of  the  R.  A.  and  declinations  of  stars. 
r  I  am.  Sir,  your  obliged  servant, 

A.  M. 
IX.  IVeaiher  in  Iceland  during  1814, 

(To  Dr,  Thomson.) 
SIR, 
As  it  may  not  perhaps  be  uninteresting  to  some  of  your  readers  to 
know  the  general  state  of  the  weather  in  Iceland  during  the  past 
year,  I  beg  leave  to  subjoin  an  extract  of  a  letter  on  that  subject, 
which  I  lately  received  from  Mr.  Magnus  Stephenson,  Chief  Justice 
in  that  island,  dated  Rechiavig,  July  26,   1815. 

I  am,  Sir,  respectfully,  your  most  obedient  servant, 

Liverpool,  jiug.  16,  1815. 

«  A  remarkably  fine  summer  (1314)  was  succeeded  by  a  very 
stormy  autumn,  attended  with  much  rain  and  raw  weather.  From 
the  beginning  of  October  to  the  end  of  December  followed  much 
snow  and  sharp  frost,  the  stormy  state  of  the  weather  still  conti- 
nuing.    From  thence  to  the  middle  of  March  succeeded  very  tine 

I  mild  weather,  without  frost ;  yet  often  so  windy  that  the  fishing 

could  not  begin  during  all  that  period.  Afterwards  the  weather 
became  calm  and  agreeable,  which  coritinued  ;  and  we  have  scarcely 

I  had  any  frost  in  1815  here  in  the  south  and  the  eastern  parts  of  the 

island  j  but  in  the  northern  part,  the  winter  being  milder  from 
September  to  January,  afterwards  changed  to  very  stormy,  with 
snow.  It  continued  thus  until  far  in  the  spring;  the  consequence 
of  which  has  been  a  great  loss  of  sheep  in  the  north  country,  where 
the  grass  came  latcj  and  was  very  scarce  every  where :  besides  which 
it  w„s  in  some  parishes  eaten  quite  away  by  a  caterpillar  lastsprmg, 
which  was  exceedingly  cold,  although  no  drift  ice  has  appeared  this 
year  on  tiie  northern  coast." 

4 


396 


Scientific  Intelligence. 
X.  Vopulatioa  of  the  Canaries. 


[Nov. 


Islands. 
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Grand  Canary . 
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73 
63 
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26 
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1745. 
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Humboldl's  Personal  Narrative,  i.  284. 

XI.  Temperature  of  the  Atlantic. 

The  follcA^ing  table  is  given  by  Humboldt  from  observations 
made  by  him  of  the  temperature  of  the  Atlantic  Ocean  during  his 
voyage  to  South  America : — 

Temperature  of 
Longitude,  the  Surface  of  the  Sea. 

18"   38' 59° 


North  Latitude. 
39°   10'  . . 


34 
32 
30 
29 
26 
20 

17 
14 
13 
10 


30 
16 
36 

18 
51 

8 
57 

57 
51 

46 


19 
19 
19 
19 
21 
31 
35 

47 

52 
63 


15  61-34 

24  63-86 

14  65-48 

00  66-74 

33  68-00 


11  70-16 

S4  72-32 

00  74-66 

3  76-46 

14  78-44 

Humboldt's  Personal  Narrative,  ii.  59, 


XII.  Fucus  Vesiadosus, 

■  Professor  John,  in  order  to  obtain  iodine,  burnt  four  ounces  of 
the  fucus  vesiculosus  :  the  white  ash  remaining  weighed  4-^  drams. 
He  found  in  it  manganese  and  magnesia,  but  did  not  succeed  in 
obtaining  from  it  any  iodine.  This  was  chiefly  owing  to  the  small 
quantity  of  ash  on  which  the  experiment  was  made,  and  partly  also 
to  the  imperfect  method  which  he  followed  ;  for  he  seems  to  have 
been  in  possession  of  no  other  directions  except  those  contained  Id 
Davy's  first  paper  on  iodine,  and  they  are  quite  inaccurate. 
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XIII.  Animal  Concretion. 

Professor  John  has  lately  examined  a  concretion  from  the  uterus 
of  a  woman.  From  the  description  which  he  has  given  of  it,  there 
is  reason  to  consider  it  as  precisely  similar  to  a  concretion  from  the 
vagina,  which  I  described  and  analyzed  in  a  preceding  volume  of 
the  Annah  of  Philosophy.  Accordingly  Dr.  John  found  its  compo- 
sition quite  analogous.  It  was  composed  of  phosphate  of  hme  and 
an  animal  membranous  matter.  He  detected  in  it,  likewise,  traces 
of  carbonate  of  lime  and  of  muriatic  acid. 

XIV.  Saliva. 

I  have  lately  had  an  opportunity  of  making  some  experiments  on 
saliva,  thrown  out  of  the  system  during  a  mercurial  salivation.  The 
following  is  the  result.  Saliva,  when  first  emitted,  is  an  opal  liquid, 
which  speedily  lets  fall  a  white  matter,  and  then  becomes  trans- 
parent. The  white  matter  thus  deposited  possesses  the  characters  of 
coagulated  albumen.  As  mercury  is  known  to  act  very  powerfully 
as  a  precipitant  of  albumen,  I  thought  it  possible  that  in  the  present 
case  it  might  have  been  thrown  down  by  the  mercury  with  which 
the  system  was  known  to  be  loaded.  But  I  did  not  succeed  in  de- 
tecting the  presence  of  any  of  that  metal.  The  specific  gravity  of 
the  saliva  at  60°  was  1  '0038.  It  was  a  ropy  liquid,  and  could  be 
drawn  out  into  fine  threads ;  yet  it  could  not  be  employed  to  paste 
together  pieces  of  paper,  not  having  the  property  of  a  cement. 
This  liquid  was  not  altered  by  prussiate  of  potash  nor  infusion  of 
nutgalls.  With  nitrate  of  lead  it  deposited  a  copious  white  coagu- 
lum.  It  precipitated  likewise  with  nitrate  of  mercury.  1050  grs. 
of  it,  being  evaporated  to  dryness,  left  a  residue  of  7'5  grs.  This 
residue  was  composed  of 

Coagulated  albumen    2*70 

Mucus  (with  a  little  albumen)     3"85 

Common  salt 0*95 

7-50 
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John  Taylor,  Stratford,  Essex,  manufacturing  chemist;  for 
certain  methods  of  purifying  or  refining  sugar,     June  22,  1815. 

Charles  SvLVKSTiiR,  Derby,  engineer ;  for  various  improve- 
ments in  the  texture  of  bobbin  lace.     June  22,  1815. 

RoBKRT  Baines,  Myton,  Kingston-upon-HuU,  glue  manufac- 
turer ;  for  his  improvements  in  the  construction  of  vertical  windmill 
sails.     June  22,  1815. 
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Robert  Dickinson,  Great  Queen-street,  London,  Esq. ;  for 
means  for  facilitatiug  the  propulsion,  and  for  the  safety  of  boats  and 
other  vessels  through  the  water.     June  22,  1815. 

Samuel  Balden,  Reddich.  Worcester,  miller;  and  John  Bur- 
TONSHAW,  Blackfriars  Road,  London,  oven  builder;  for  a  machine 
or  instrument  for  the  better  heating  ovens.     June  24,  1815. 

William  Madeley,  in  the  parish  of  Yardley,  Worcestershire, 
farmer;  for  an  improved  drilling  machine,  for  drilling  beans, 
turnips,  peas,  pulse,  corn,  and  seeds  of  every  description.  July  27, 
1815. 

John  Lewis,  of  Brimscomb,  Gloucestershire,  clothier;  for  an 
improved  shearing  machine.     July  27",  1815. 

David  MusHET,  of  Colefoid,  Gloucestershir'^,  iron-master;  for 
an  improvement  or  improvements  in  the  process  or  processes  of 
making  or  manufacturing  iron.     July  27,  1815. 

William  Edridgk,  of  Rotheihithe,  Surrey,  brass-founder;  for 
an  Engine,  pump,  or  fire-engine.     Aug.  4,  1816; 

Joseph  Harvey,  of  Long-lane,  Bermondsey,  Surrey,  turner; 
for  a  machine  for  better  striking  and  finishing  of  leather.  Aug.  4,, 
18115.     ' 

Richard  Dixon,  of  High  Holborn,  Middlesex,  trunk-maker; 
fop  an  improvement  or  improvements  in  the  construction  of  trunks 
or  portmanteaus  of  various  descriptions,  and  in  the  application  of 
materials  hitherto  unused  in  the  construction  thereof.  Aug.  11, 
1815. 

John  Street,  of  Clifton,  Gloucestershire,  Esq. ;  for  certain  fur- 
ther improvements  in  the  mode  of  making  and  working  bellows. 
Aug.  11,  1815. 

John  Edwards,  of  Canterbury-buildings,  Lambeth,  Surrey, 
Gentleman  ;  for  a  method  or  means  of  preventing  leakage  in  ships, 
boats,  and  other  vessels.     Aug.  15,  1S15. 

John  Chesholms,  of  Edinburgh;  for  a  method  of  constructing 
register  and  other  stoves.     Aug.  21,  IS  15. 

Stephen  Price,  of  Stroud,  Gloucestershire,  engineer;  for  a 
machine  for  shearing  or  cropping  woollen  and  other  cloths  that  may 
require  such  a  process.     Aug.  21,  1815. 

Thomas  Field  Savory,  of  New  Bond-street,  Middlesex, 
chemist ;  for  a  combined  neutral  salt  or  powder,  which  possesses  all 
the  properties  of  the  medicinal  spring  at  Sedletz,  in  Germany  ;  and 
which  invention  is  sold  under  the  name  of  Sedletz  powder.  Aug. 
23,1815. 

James  Carpenter,  of  Wellenhall,  Staffordshire,  curry-comb- 
maker  ;  for  an  improvement  to  a  curry-comb.     Aug.  23, 1815. 

William  Bemman,  of  Eldersfield,  Worcestershire,  tannerj  for 
various  improvements  in  ploughs.     Aug.  23,  1815.  .„',  .j-ff 

Thomas  AsHMORE,  now  resident  at  Portland  Hotel,  Portland- 
street,  Middlesex ;  for  a  new  mode  of  making  leather.  Sept.  9, 
1815. 
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The  observations  in  c.ich  line  of  the  table  apply  to  a  period  of  twenty-four 
hours,  beginning  at  9  A.  M.  on  the  day  indicated  in  the  first  column.  A  dash 
Senates,  that  the  result  is  iocluded  in  the  next  following  obeervacion. 
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REMARKS. 

Ninth  Month. — 26.  A  rainy  sound  in  the  trees  this  morning,  from  a  gale  at  S, : 
this  was  followed  by  rain,  during  which  the  wind  veered  westward.  27.  a.m.  Damp, 
somewhat  misty  air:  Cirrus,  with  Ci>-rostratus :  much  wind  and  a  heavy  shower  by 
noon,  with  a  suspicious  sound,  like  thimder,  at  a  distance  :  p.  m.  a  second  shower, 
after  which  a  fine  bow  in  the  E.,  and  some  distinct  Nimbi,  the  elevated  crowns  of 
•which  coniinued  to  reflect  the  light  for  30  minutes  after  sun-set.  28.  a.m.  A  wet 
mist,  very  little  wind,  the  vane,  which  stood  to  N.,  turning  to  S.  E.  :  sunshine, 
■with  Cumulus  at  noon  :  large  Cirri,  p.  m.  wh»ch  were  permanent.  29.  a.  m.  Rainy 
appearances  in  the  sky,  soon  followed  by  a  shower,  which  came  over  from  S.W. : 
much  Cirrostratus  followed,  with  more  rain.  30.  a.m.  Clearj^ind  N.W. : 
p.m.  a  veil  of  Cirroslralux  advancing  from  W.  completely  obscrfed  the  sky :  in 
the  night  a  beating  rain  from  the  southward. 

Tenth  Month.— I.  a.m.  As  yesterday  :  showers,  with  rainbow,  p.m.:  rain  by 
night.  2.  Misty  morning:  much  dew  :  Ctimuloslratus,  and  a  few  drops:  luminous 
twilight.  3.  Hoar  frost :  misty  air  :  Cumulus,  capped  wilh  a  delicate  double 
sheet  o{  Cirrostratus:  Cirrocu»JU?us  and  inosculation  followed.  4,  Cirrostratus  in 
a  close  veil  most  of  the  day.  5,  Misty  morning  :  then  large  Cirri,  arranged  from 
S.  E.  (o  N.  W.,  and  passing  to  Cirmcumulus,  &c.  :  rain  at  night.  G.  Wet  morn- 
ing :  fair,  p.m.  7.  Hoarfrost:  slight  S^ra^us ;  a  serene  day  :  much  dewy  haze 
at  suR-set  coloured  red,  first  in  tjie  E.,  then  in  the  W.  above  an  orange  tint. 
8.  Cloud-y  a.m.  14.  A  lunar  halo  of  moderate  diameter,  which,  disappearing, 
wave  place  to  a  portion  of  a  very  large  one.  15.  Rain  :  the  wind  fresh  at  night 
from  S.  S.W.  16.  a.m.  Cumulus:  fine  day:  a  number  of  swallows,  which  re- 
appeared at  the  end  of  last  month,  have  kept  about  our  neighbourhood  to  the  pre- 
sent time.  17.  Large  Cirri,  passing  to  Cirrostratus :  a  little  rain,  p.m.:  Nimbi, 
18.  a.m.  Cirrostrati,  with  obscurity  gradually  increasing:  wet,  p.  m. :  much 
wind,  evening.  19.  Coloured  sun-rise :  calm,  overcast,  a.m.:  then  windy,  with 
driving  showers,  the  sky  filled  with  cloud  :  a  tempestuous  night.  20.  Coloured 
sun-rise,  and  much  wind  :  a  few  drops  of  rain:  cloudy  night.  21.  a.m.  Clear: 
then  Cumulus  in  a  very  blue  sky,  passing  to  Cumulostratus,  which,  with  some  bed* 
of  Cirrus  above,  was  finely  coloured  at  sun-set :  I  suspected  thunder  and  rain  far 
to  the  S.  this  afternoon,  22.  Misty :  much  dew :  Cirrostratus,  Cumulostratus, 
Cirrus.  23.  Maximum  of  temp,  at  nine  this  morning  :  little  dew  :  cloudy  :  windy : 
rain.  24.  a.m.  Misty  snn-rise,  with  radii  through  broken  clouds :  a  Nimbus  in 
S.W. :  rain  :  about  sun-set  radJi  again,  followed  by  many  distinct  Nimbi. 

RESULTS. 

Winds  chiefly  from  the  S.  and  W. 

Barometer :  Greatest  height 30*22  inches  ; 

Least 2925  inches; 

Mean  of  the  period .29-747  inches. 

TJiermonieter  :  Greatest  height 66° 

Least 33» 

Mean  of  the  period 50-79» 

Mean  of  the  hygrometer,  74°,     Rain,  2"92  inches. 

Tottenham,  Tenth  Month,  25, 1815.  L.  HOWARD. 
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Biographical  Account  of  Charles  Bossut.     By  M.  le  Chevalier 
Delambre,  Secretary  of  the  Institute. 

Charles  bossut,  Member  of  the  Academy  of  Sciences, 
and  afterwards  of  the  Institute,  of  the  Academies  of  Bologna, 
Lyons,  and  Utrecht,  Examiner  of  the  Pupils  of  the  Military  Corps 
of  Engineers,  and  of  the  Polytechnic  School,  and  Member  of  the 
Legion  of  Honour,  was  born  at  Tartaras,  in  the  department  of  the 
Rhone-and-Loire,  on  the  11th  of  August,  1/30,  and  was  the  son 
of  Barthelemi  Bossut  and  Jeanne  Thonnerine.  His  family  belonged 
originally  to  the  country  of  Liege,  from  which  some  misfortunes 
had  obliged  them  to  emigrate  about  the  year  1542.  At  the  age  of 
six  months  he  lost  his  father.  A  paternal  uncle  taught  him  the 
pririciples  of  grammar  and  the  languages,  and  made  him  early  ac- 
quainted with  the  Latin  and  French  classics.  At  the  age  of  14  he 
was  sent  to  the  College  of  Jesuits  at  Lyons  to  finish  his  studies. 
Here  he  was  soon  distinguished  by  his  masters,  for  the  ease  with 
which  he  carried  off  all  the  prizes ;  and  by  his  class-fellows,  for 
his  amiable  and  sensible  disposition  which  interested  them  in  his 
success.  Here  he  soon  acquired  a  kind  of  reputation  which  in  a 
short  time  extended  beyond  tlie  limits  of  the  College. 

The  Eloges  of  Fontenelle  having  fallen  into  his  hands,  raised  in 
him  the  most  violent  passion  for  mathematics.  He  was  eager  to 
follow  the  footsteps  of  those  great  men,  whose  discoveries  inflamed 
his  imagination  ;  and  finding  nobody  at  Lyons  who  could  guide  his 
first  steps,  he  ventured  to  write  directly  to  Fontenelle  to  request  his 
advice.  He  received  an  encouraging  answer.  "  I  request  of  you,"  said 
the  old  man,  more  than  yo  years  of  age,  "  to  give  rae  from  time  to 
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time  news  of  your  progress.     I  have  a  feeling  which  informs  me 
that  you  will  go  far ;  but  I  cannot  live  long  enough  to  enjoy  your 


success." 


Nothing  more  was  necessary  to  induce  Bossut  to  go  to  Paris. 
Fontenelle  received  liim  kindly,  and  recommended  him  to  Clairaut 
and  d'Alembert,  wlio  were  prodigal  in  their  encouragements. 
D'Alembert  in  particular  chose  him  more  especially  for  his  pupil, 
and  took  a  pleasure  in  removing  the  difficulties  which  might  have 
retarded  his  progress.  Time  cemented  this  union,  founded  on  the 
one  hand  on  the  attachment  which  results  from  benefits  conferred, 
and  on  the  other  from  the  justest  and  most  lively  gratitude.  This 
friendship  subsisted,  without  interruption,  till  the  death  of  d'Alem- 
bert. Bossut  had  particularly  studied  the  writings  of  his  master ; 
and  when  any  person  applied  to  d'Alembert  for  explanations  of  a 
difficult  passage,  which  would  have  obliged  him  to  read  over  again 
his  memoir  with  attention,  he  sent  him  to  his  disciple  and  confi- 
dent, saying  to  him,  "  Call  upon  Bossut." 

Camus,  another  academician,  Examiner  of  the  Pupils  of  Artil- 
lery and  Engineers,  conceived  for  him  the  same  affection,  and  in- 
troduced him  to  Comte  d'Argeuson,  Minister  at  War,  who  named 
him  Professor  of  Mathematics  in  the  School  of  Engineers  at 
Mezieres.  This  was  in  1752,  when  Bossut  was  scarcely  22  years 
of  age. 

About  the  end  of  the  same  year  the  Academy  admitted  him  into 
the  number  of  its  Correspondents.  A  memoir  of  his  had  been 
reid,  entitled,  Uses  of  the  Differentiation  of  Parameters  for  the 
Solution  of  different  Problems  in  the  inverse  Method  of  Tangents. 
In  giving  an  account  of  this  memoir,  inserted  in  the  second  volame 
of  the  Savans  Etrangers,  the  historian  of  the  Academy  says,  that 
we  find  in  it  the  solution  of  divers  problems  proposed  by  John 
Bernoulli,  the  first  of  which  had  not  hitherto  been  resolved  by  any 
person.  In  speaking  of  the  methods  of  Bossut,  he  adds,  that  they 
appear  short  and  elegant.  He  gives  the  same  opinion  of  two  other 
problems,  constituting  a  second  memoir  published  in  the  same 
volume. 

The  Leipsic  Acts  had  in  1752  announced  a  theorem  of  Euler  on 
the  rectifiable  difference  of  certain  elliptic  arcs,  Bossut,  in  demon- 
strating it,  joined  a  simple  and  direct  method  for  discovering  this 
theorem  a  priori.  In  the  same  volume  (iii.)  he  applied  to  different 
problems  concerning  the  cycloid,  a  method  which  was  then  judged 
so  much  the  more  ingenious  that  it  is  not  confined  to  problems  alonCy 
hit  may  serve  likewise  o?i  many  other  occasions. 

The  duty  of  Professor  of  Mathematics,  to  which  he  devoted 
himself  for  16  years,  without  interruption,  and  with  a  success 
always  increasing,  at  the  school  of  Mezieres,  did  not  prevent  him 
from  making  himself  known  by  a  number  of  works,  the  subjects  of 
which  were  either  pointed  out  to  him  by  his  lectures,  or  by  the 
labours  of  contemporary  mathematicians,  or  by  the  prizes  of  the 
■Academy.     Thus  he  drew  up  at  first  his  Elements  of  Mechanics, 


1815.]  Charles  Bossut,  403 

which  he  afterwards  converted  into  a  complete  course  of  mathe- 
matics. He  shared  with  a  son  and  pupil  of  Daniel  Bernoulli 
a  prize  proposed  by  the  Academy  of  Lyons  on  the  Best  Form  of 
Ores ;  with  the  son  of  Euler,  and  probably  with  Euler  himself,  a 
prize  on  Stowing  Goods  in  Ships,  proposed  by  the  Academy  of 
Sciences.  "  Complete  success  would  have  been  less  brilliant," 
wrote  to  him  Clairaut,  one  of  the  judges,  "  because  in  that  case  it 
would  have  been  unknown  over  whom  you  had  triumphed." 

He  obtained  alone  the  prize  of  the  Academy  of  Sciences  on  the 
question,  whether  the  planets  move  through  a  medium,  the  resistance 
of  which  produces  any  sensible  effect  on  their  motions.  Albert  Euler 
had  undertaken  an  examination  of  the  same  subject.  The  two 
authors  agreed  perfectly  in  every  thing  regarding  the  principal 
planets.  But  Albert  acknowledges  that  he  had  not  ventured  to 
enter  upon  the  part  which  regards  the  moon.  He  congratulates 
Bossut  upon  having  overcome  difficulties  which  appeared  to  him  so 
great  as  to  induce  him  to  abandon  the  task.  It  appeared  to  result 
from  the  memoir  of  Bossut  that  the  acceleration  observed  in  the 
motion  of  the  moon  might  be  explained  by  the  resistance  of  the 
ethereal  matter.  But  one  of  the  great  mathematicians  of  whonn 
France  has  to  boast  found  afterwards  a  more  natural  cause,  which 
explains  this  acceleration,  and  the  ethereal  resistance  has  become  a 
very  problematic  cause,  tlie  effects  of  which,  if  they  are  not  abso- 
lutely null,  are  at  least  very  little  sensible. 

The  same  year,  1762,  Bossut,  in  conjunction  with  Viallet,  ob- 
tained the  quadruple  prize  proposed  by  the  Academy  of  Toulouse 
for  the  most  advantageous  construction  of  dykes.  Tliree  years  after 
he  divided  a  double  prize  proposed  by  the  Academy  of  Sciences  on 
the  Methods  of  Stowing  Ships  ;  and  he  obtained  alone  at  Toulouse 
two  successive  prizes  for  his  researches  respecting  the  laws  of  motiou 
which  fluids  follow  in  conduits  of  all  kinds. 

He  owed  to  the  friendship  of  Camus  the  place  of  Mezieres, 
which  had  enabled  him  to  turn  his  undivided  attention  to  mathe- 
matics. The  way  in  which  he  had  filled  iiis  situation  and  employed 
his  intervals  of  leisure  determined  in  his  favour  all  the  votes  when  a 
successor  was  to  be  appointed  to  his  protector  and  friend.  The 
Government  named  him  Examiner  of  Engineers,  and  the  Academy 
gave  him  the  place  which  Camus  had  left  vacant.  It  was  at  that 
time  that  he  gave  his  method  of  summing  series,  the  terms  of  which 
are  similar  powers  of  the  sines  and  cosines  of  arcs,  which  form  au 
arithmetical  progression. 

Euler  in  his  introduction  to  the  Analysis  of  Infinites  had  already 
given  the  sum  of  those  series,  whicli  he  referred  to  recurrent  scries. 
Bossut,  in  order  to  arrive  at  the  same  result,  employs  only  the  most 
elementary  formulas  of  tiigonometry,  and  some  rules  equally  simple 
of  the  theory  of  progressions.  This  method  has  the  advantage  of 
being  more  clear,  and  therefore  intelligible  to  a  much  greater 
nunriber  of  readers.  If  the  glory  of  a  discovery  belongs  incon- 
testibly  to  hini  who  first  made  it  known,  we  cannot  refuse  a  great 
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deal  of  esteem  to  liim  who  renders  more  popular  notions  seemingly 
at  first  destined  to  be  confined  td  philosophers. 

The  same  advantage  is  evident  in  his  method  for  the  reversion  of 
series.  This  subject  has  occupied  the  greatest  mathematicians.  It 
was  afterwards  treated  in  a  more  philosopliical  and  more  profound 
way  in  a  fine  memoir  of  Lagrange.  But  if  the  method  of  Bossut 
has  not  the  same  generality,  if  it  is  not  comprehended  in  a  formula 
so  singularly  remarkable,  it  is  distinguished  by  other  advantages. 
It  depends  upon  the  most  elementary  theorem  of  differentiation ; 
it  requires  only  ordinary  and  uniform  ca^eulations,  though  a  little 
long ;  it  fixes  itself  in  tlie  memory,  so  that  it  is  impossible  to  forget 
it ;  and  the  calculator  who  wishes  to  make  use  of  it  carries  it  always 
with  him,  and  has  no  occasion  to  consult  a  book  on  the  subject. 

Parent  had  formerly  given,  in  order  to  estimate  the  effect  of 
wheels  moved  by  a  fall  of  water,  a  very  simple  method,  but  very 
inaccurate.  Bossut  undertook  to  introduce  into  tiie  calculation  all 
the  considerations  neglected  by  Parent,  and  by  all  those  who  had 
adopted  the  rule  of  this  mathematician  with  too  much  confidence. 
The  problem  in  all  its  generality  may  be  insoluble  ;  but  in  the 
application  of  it  we  are  at  liberty  to  neglect  the  circumstances  which 
do  not  occur  in  any  of  the  machines  used,  or  which  can  only  pro- 
duce insensible  effects.  By  this  means  Bossut  arrives  at  a  formula 
which  may  be  adapted  to  all  possible  cases,  either  by  varying  some 
terms,  or  by  suppressing  them  altogether.  He  obtains  in  this 
mapner,  if  not  the  rigid  accuracy  which  belongs  exclusively  to  pure 
analysis,  that  degree  at  least  with  which  the  arts  may  be  satisfied. 

These  particular  memoirs,  and  various  others  which  we  have  not 
room  to  analyze,  are  to  be  found  in  the  Encyclopedic  Methodique, 
of  which  he  was  one  of  the  editors,  or  in  the  Course  of  Mathe- 
matics which  he  composed  for  the  use  of  the  pupils  whom  he  exa- 
mined, or  m  his  Treatise  of  Hydrodynamics,  a  more  recent  work, 
in  which  he  had  introduced  his  different  experiments  on  the  motions 
of  fluids. 

"  It  is  only  a  mathematician,"  said  on  that  occasipn  Condorcet 
in  the  History  of  the  Academy,  "  It  is  only  a  mathematician  well 
skilled  in  the  theory  and  practice  who  can  give  to  experiments  the 
form  which  they  ought  to  have  in  order  to  be  compared  with  the 
theory.  It  is  only  a  mathematician  who  can  know  either  what  pre- 
cision in  the  theory  an  experiment  may  produce,  the  accuracy  of 
which  is  known,  or  with  what  precision  experiments  ought  to  be 
made  in  order  to  be  employed  in  constructing  or  verifying  a  theory." 

"  Experiments  made  by  a  mathematician  like  Bossut,"  continues 
Condercet,  "  ought  then  to  be  very  precious  in  the  eyes  of  mathe- 
maticians who  wish  to  understand  the  theory  of  fluids,  and  of  me- 
chanics who  occupy  themselves  with  hydraulics." 

In  this  first  essay  Bossut  had  considered  the  motion  of  fluids  in 
general.  Four  years  afterwards  Government  charged  him  with  a 
new  set  of  experiments  on  the  resistance  of  fluids  in  narrow  and 
shallow  canals.     JJe  made  them  the  subject  of  a  work  published  in 
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1777'  Next  year  he  inserted  new  experiments  into  the -volume  of 
the  Academy,  the  object  ot"  which  was  to  discover  the  law  according 
to  which  the  resistance  of  an  angular  prow  diminishes  in  proportion 
as  it  becomes  more  acute. 

The  Course  of  Mathematics  of  Bossut,  at  the  time  when  the 
different  treatises  were  composed,  were  successively  published,  re- 
ceived much  praise  for  the  order,  clearness,  method,  and  philoso- 
phical spirit,  observed  in  it.  The  historical  prefaces  which  com- 
mence each  volume  were  particularly  praised.  This  book  long 
shared  equal  popularity  with  that  which  Bezout  had  composed  for 
the  artillery  and  marine.  Both  of  them  were  of  great  service  to  the 
pupils  for  whom  they  were  destined.  They  have  of  necessity  lost  a 
part  of  their  celebrity,  since  a  single  establishment  has  been  formed 
for  the  instruction  of  those  destined  to  serve  the  state  in  all  the 
corps  which  had  formerly  their  particular  books  and  examiners. 
But  this  popularity  continued  long  enough  to  reward  the  author  for 
so  many  labours,  and  made  him  nearly  independent  at  the  time 
when  tlie  political  storms  threw  the  fortunes  of  all  into  confusion. 
Bossut  was  then  deprived  of  the  chair  of  hydrodynamics  established 
for  him,  and  which  had  existed  only  for  a  few  years.  He  had  been 
previously  deprived  (not  without  murmuring  at  the  injustice  of 
mankind)  of  that  place  of  Examiner  which  he  had  filled  with 
probity,  and  to  the  general  satisfaction  of  the  pupils  of  Government, 
In  lieu  of  these  places  of  Examiner,  Professor,  and  Academician, 
Bossut  obtained  only  some  transitory  aid  voted  by  the  advice  of  the 
Board  of  Consultation,  and  a  lodging  in  the  Louvre,  which  he.  en- 
joyed only  a  few  years.  It  was  then  that  he  buried  himself  in  that 
retirement  which  his  age  and  the  state  of  his  income  rendered 
necessary  for  him.  Here  He  received  some  consolations.  The 
Institute  restored  to  him  a  part  of  what  he  had  enjoyed  as  a  Member 
of  the  Academy  of  Sciences.  He  was  named  one  of  the  Examiners 
of  the  Polytechnic  School,  and  when  after  more  than  50  years  of 
services  age  and  infirmities  obliged  him  to  retire,  his  salary  was  con- 
tinued, wliich  he  so  well  deserved  not  to  lose. 

It  was  in  this  solitude  and  absolute  separation  from  society  that 
he  wrote  his  history  of  the  mathematics,  of  which  two  editions  were 
sold  in  less  than  six  years.  Two  volumes  are  very  little  for  so  vast 
a  subject.  Mathematicians  accordingly  will  find  the  work  too  in- 
complete and  superficial.  But  it  was  not  for  them  that  he  had 
written  it.  We  see  by  the  reflections  which  he  made  on  the  His- 
tory of  Montucla  that  he  was  sensible  of  the  spirit  and  manner  in 
which  such  a  work  should  be  composed.  But  he  adds  immediately, 
that  his  design  is  not  to  give  that  profound  history  in  which  all  the 
parts  of  mathematics  should  be  analyzed,  and  which  may  to  a  cer- 
tain amount  save  the  trouble  of  reading  the  authors  themselves, 
especially  those  whose  methods  are  antiquated.  "  He  attempts  only 
to  give  a  general  sketch  of  the  progress  of  mathematics  from  their 
origin  to  the  present  time,  to  honour  the  memory  of  the  great  men 
■who  have  extended  its  empire,  and  especially  to  inspire  youth  with 
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a  taste  for  tliese  sublime  studies."     He  remembered  doubtless  what 
he  himself  had  felt  on  reading  the  writings  of  Fontenelle. 

The  first  edition  only  bore  the  modest  title  of  Essay.     He  ac- 
knowledged afterwards  that  he  was  satisfied  with  its  success.     His 
Essay  had  been  translated  into   different  languages.     It  was  well 
arranged,  clear,  and  well  written.     He  acknowledges  at  the  same 
time  that  the  second  edition,  entitled   General  History,  was  less 
fortunate,  and  had  been  very  severely  criticised.     The  cause  which 
he  assigns  for  this  difference  is,  that  in  the  Essay  he  had  refrained 
from  speaking  of  living  authors,  whereas  when  he  continued  his 
history  to  our  own  time  he  could  not  but  find  judges  more  difficult 
to  satisfy.     Without  denying  absolutely  the  justice  of  this  remark, 
we  must  acknowledge  likewise  that  the  reasons  which  he  assigns  for 
certain  omissions  appear  very  weak.    The  most  disinterested  readers 
must  see  that  different  modern  works  are  not  appreciated  with  a 
care  and  details  proportional  to  their  importance.    The  author,  who 
had  given  an  interesting  account  of  the  discussions  between  Newton 
and  Leibnitz,  and  the  more  recent  disputes  of  the  two  protectors  of 
his  youth,  Clairaut  and  d'Alerabert,  was  more  sparing  in  speaking 
of  authors  whom  he   had  studied  with  more  care,  and  for  whom 
perhaps  he  had  not  the  same  affection.     This  restriction  is  equally 
apparent  in  what  he  says,  and  in  what  he  suppresses  ;  and  this  part 
of  the  work  requires  to  be  done  over  again.     "  His  great  age  and 
his  infirmities  deprived  him  of  the  hope  of  doing  better,  or  being 
more  happy."     But  he  thinks  that  "  his  work  is  of  a  nature  to  be 
perfected  by  successors  more  capable  of  fulfilling  his  intentions," 

These  intentions  were  to  be  just  and  impartial;  but  he  wished 
that  others  should  be  with  respect  to  him  what  he  wished  to  be  with 
respect  to  others.  He  acknowledges  in  a  posthumous  manuscript 
which  has  been  sent  us  "  that  he  always  had  a  harshness  of  cha- 
racter, which  often  injured  him  with  those  who  only  knew  him 
superficially.  He  did  not  easily  grant  his  confidence ;  he  believed 
all  mankind  in  general  dissemblers  and  deceivers  ;  but  when  he 
gave  himself  up  to  the  natural  frankness  of  his  soul,  he  brought 
into  the  commerce  of  life  an  effusion  of  true  feeling,  which  pro- 
cured him  a  great  number  of  devoted  friends,  especially  in  the 
Military  Corps  of  Engineers." 

"  He  abhorred  impostors  of  all  kinds,"  said  he,  likewise ;  "  he 
had  often  the  imprudence  to  make  them  acquainted  with  his 
opinions ;  but  he  was  always  in  search  of  true  merit." 

"  He  was  obliging;  an^  he  complains  bitterly  of  ungrateful 
persons." 

"  He  was  persuaded  that  men  who  owed  every  thing  to  him  had 
shown  tlie  greatest  rancour  against  him,  and  had  given  themselves 
a  great  deal  of  trouble  to  prevent  him  from  obtaining  places  to 
which  he  had  never  aspired." 

It  is  not  surprising  that  with  such  opinions,  embittered  by  soli- 
tude, and  strengthened  by  the  kind  of  abandonment  in  which  he 
thought  himself  placed,  after  having  enjoyed  a  rank  and  influence 
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the  diminution  of  which  he  exaggerated,  he  was  not  very  anxious  to 
point  out  the  merit  of  contemporaries,  whom  he  thouglit  in  general 
unfavourably  disposed  towards  himself.  We  find  the  effect  of  these 
opinions  in  a  very  bad-humoured  preface  to  his  Mathematical  Me- 
moirs, published  in  1812.  These  memoirs  are  those  wliich  had 
gained  prizes,  and  been  published  at  the  time  by  the  Academy  of 
Sciences.  He  adds  to  them  some  notes  on  his  History  of  Matlie- 
matics.  He  there  explains  or  demonstrates  theorems  which  he  had 
too  much  abridged  ;  but  he  adds  nothing  to  fill  up  the  blanks  which 
had  excited  the  outcries  of  which  he  was  so  sensible. 

We  must  lament  that  he  was  so  long  the  dupe  of  a  cloudy 
imagination,  which  rendered  the  last  years  of  his  life  unhappy. 
Before  age,  infirmities,  and  the  loss  of  his  places,  had  laid  open 
this  disposition  to  misanthropy,  he  appeared  to  us  to  be  filled  with 
benevolence.  I  shall  always  recollect  with  gratitude  the  notice 
which  he  paid  as  Director  of  the  Academy  of  Sciences  to  the  first 
essays  which  I  presented  to  that  body ;  and  yet  he  knew  that  1  was 
particularly  connected  with  an  astronomer  whose  friend  he  was  not, 
and  of  whom  he  must  have  considered  me  to  be  the  pupil  and 
protege.  I  may  add  that  I  never  found  the  least  change  in  his 
disposition  towards  me,  though  I  ventured  to  express  an  opinion 
opposite  to  his  with  regard  to  some  points  of  ancient  astronomy. 

We  may  place  his  omissions  in  a  more  favourable  point  of  view, 
though  we  cannot  pretend  to  excuse  them  entirely.  A  great  work 
on  transcendental  mathematics  is  not  read  with  the  same  facility  as 
a  work  of  history  or  literature.  To  understand  its  merit,  to  be  able 
to  explain  its  plan,  and  to  point  out  the  most  interesting  parts  of  it, 
a  degree  of  labour  and  attention  is  requisite  of  which  old  age  is  no 
longer  capable.  A  mathematician  possessed  of  the  true  genius  of 
invention  may  astonish  us  by  new  productions  at  an  advanced  period 
of  life.  These  productions  will  be  the  developements  of  former 
ideas,  to  draw  the  consequences  from  which  no  opportunity  had 
previously  occurred.  But  he  would  be  terrified  at  the  thoughts  of 
following  for  a  long  time  the  steps  of  another  mathematician.  It 
was  in  town  that  Lagrange  composed  his  last  works,  and  at  the  same 
time  he  avowed  the  necessity  of  going  to  the  country  to  form  an 
exact  idea  of  the  new  methods  of  M.  Gauss. 

Bossut  wished  to  be  just  and  impartial  ;  and  he  wished  it  in  con- 
sequence of  that  harshness  of  character  of  which  he  accuses  him- 
self, and  of  which  he  had  given  numerous  proofs.  We  shall  only 
notice  one. 

At  the  time  that  he  was  Examiner  of  Engineers,  the  Comte  de 
Muy,  at  that  time  Commander  of  the  Order  of  the  Holy  Ghost, 
and  Governor  of  the  Province,  and  afterwards  Marshal  of  France 
and  Minister  at  War,  had  personally  recommended  to  him  a 
number  of  pupils,  who,  by  a  singular  fatality,  were  almost  never 
worthy  of  l)eing  admitted,  and  who  were  in  fact  rejected.  The 
Comte  de  Muy  had  expressed  some  dissatisfaction  at  this.  When 
afterwards  lie  became  Minister  at  War,  and  when,  according  to  the 
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custom^  Bossut  went  to  him  for  the  first  time  with  a  statement  of 
the  examination  which  had  been  made,  the  Minister  signed  the 
promotion  without  hesitating,  addressing  to  Bossut  these  words, 
equally  honourable  to  the  Minister  and  the  philosopher :  "  I  sub- 
scribe blindly,  for  I  have  already  experienced  that  it  is  not  necessary 
to  examine  after  you." 

Bossut  was  a  great  admirer  of  Pascal,  whose  works  he  published 
in  1779.  He  had  collected  with  the  greatest  care  all  the  Thoughts 
and  other  unpublished  pieces  furnished  him  by  manuscripts  and 
authentic  copies.  For  the  first  time,  Pascal  appeared  in  a  complete 
form.  The  editor  did  not  wisii  to  conceal  or  suppress  any  thing, 
not  even  the  note  written  about  a  month  after  the  accident  at 
Neuilly.  It  was  for  this  edition  that  Bossut  composed  his  discourse 
on-  the  life  and  writings  of  Pascal,  which  he  republished  afterwards 
as  soon  as  an  opportunity  occurred.  It  was  of  all  his  works  that 
which  had  been  written  with  most  attention  to  the  style,  and  in 
which  he  had  given  his  own  opinions  on  subjects  of  literature, 
science,  and  religion.  He  saw  in  Pascal  "  a  singular  phenomenon 
that  deserved  to  be  often  recalled  to  memory.  This  profound  rea- 
eoner  was  at  the  same  (ime  a  rigid  and  submissive  Christian."  We 
see  that  Bossut  wished  here  to  draw  his  own  character.  Destined 
in  his  youth  for  the  church,  known  till  1792  under  the  title  of 
Abbe,  if  his  passion  for  mathematics,  and  his  duties  as  a  Professor, 
to  which  he  was  called  so  young,  did  not  permit  him  to  devote 
himself  entirely  to  the  ecclesiastical  state,  he  preserved  at  least  its 
manners  for  a  long  time,  and  maintained  the  opinions  belonging  to 
it  all  his  life  long. 

He  died  on  the  14th  January,  1814.     His  place  in  the  Institute 
has  been  filled  up  by  M.  Ampere. 


Article  II. 

On  Sepiaria,    By  Dr.  C.  Wilkinson,  of  Bath,  M.  G.S. 

(To  Dr.  Thomson.) 

DEAR  SIR, 
During  a  visit  I  made  at  Harwich  last  May  in  company  with  my 
learned  friend  the  Hon.  Gen.  Sir  B.  Henniker,  Bart.  1  had  fre- 
quent opportunities  of  examining  the  cliffs,  and  the  progressive  for- 
mation of  septaria.  These  cliffs  are  about  30  or  40  feet  above  the 
level  of  the  sea,  and  consist  of  a  large  proportion  of  ferruginous 
clay,  some  silex,  and  carbonate  of  lime.  After  every  shower  of 
rain,  if  the  water  absorbed  be  removed  by  evaporation,  or  expanded 
by  frost,- large  portions  of  the  cliff  lx;come  detached,  fall  on  the 
shore,  and  become  exposed  to  the  influence  of  spring  tides.  During 
the  periodi  of  my  residence  in  that  sea  port,  I  observed  that  in  the 
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space  of  two  or  three  weel<s  the  detached  portions  acquired  in  many 
instances  ahnosi  a  flinty  hardness.  These  are  broke  into  small 
pieces  of  about  2  lb.  weight,  placed  in  a  kiln  sin^ilar  to  a  lime- 
kiln, and  exposed  nearly  to  the  same  degree  of  heat :  when  re- 
moved from  the  kiln,  they  are  reduced  to  a  fine  powder  in  a  grind- 
ing mill,  and  then  constitute  the  same  cementing  material  as  what 
is  known  under  the  name  of  Larkin  Cement. 

The  cliff",  when  examined  in  situ,  has  all  the  appearance  of  aa 
uniform  argillaceous  mass,  except  in  some  parts,  separated  by  a 
whitish  thin  horizontal  layer,  which  consists  principally  of  carbonate 
of  lime.  Most  of  the  portions  at  the  period  of  being  detached 
liave  an  homogeneous  appearance.  During  the  period  of  desicca- 
tion a  very  curious  change  takes  place.  The  exterior  part  hardens 
first,  to  a  certain  extent ;  and  as  this  change  is  advancing  towards 
tlie  central  portion,  a  fissure  is  produced,  and  the  carbonate  of 
lime,  which  retains  its  soft  state  much  longer  than  the  argillaceous 
portion,  is  mechanically  separated  from  the  clay,  and  pressed  into 
this  divided  part.  In  its  first  stage  I  have  remarked  it  to  be  near 
half  an  inch  below  the  surface  of  the  detached  portion.  In  this 
state  it  is  soft,  but  not  fluid.  After  two  or  three  days  the  calcareous 
matter  becomes  level  with  the  surface,  and  in  many  instances  pro- 
jecting above.  As  the  carbonate  of  lime  hardens,  a  species  of  crys? 
tallization  takes  place,  from  which  cause  there  is  an  additional  pro- 
trusion of  the  substance.  During  these  processes  there  are  trans- 
verse fissures  in  different  directions,  considerably  smaller  than  the 
first  separation.  These  smaller  clefts  are  filled  in  a  similar  manner. 
When  perfectly  hardened,  and  cut  through,  a  complete  septarium 
is  observed  to  have  been  formed.  It  appears  that  the  carbonate  of 
lime  is  medianically  mixed  with  the  other  portions ;  and  wlien  it 
exists  beyond  a  certain  proportion,  from  remaining  softer  longer 
than  the  other  parts,  becomes  mechanically  pressed  in  that  direc- 
tion where  it  meets  with  the  least  resistance,  viz.  the  centra!  part : 
when  the  proportion  of  carbonate  of  lime  is  small,  it  remains  inter- 
mixed with  the  clay.  From  this  circumstance  we  observe  many  of 
the  hardened  portions  without  any  calcareous  septa. 

It  appears  probable  that  metallic  veins  may  be  formed  by  a 
similar  process ;  in  the  first  instance  an  apparently  homogeneous 
soft  mass ;  and  that  during  the  subsequent  periods  of  consolidation, 
the  metallic  mass,  undergoing  this  change  more  slowl)',  may  be 
similarly  determined  in  any  fissure  formed  by  the  desiccation  of  the 
other  materials.  If  different  metallic  substances  should  require 
different  periods  for  consolidation,  we  may  form  some  idea  of  the 
formation  of  cross  courses. 

I  moulded  into  an  oblong  form  some  of  the  detached  portions  of 
the  chff";  the  first-formed  fissure  was  longitudinal  ;  such  was  to  be 
expected,  as  the  resistance  in  that  direction  would  be  the  least. 

In  Cornwall  we  observe  the  |)rinci|)al  metallic  veins  are  ropper, 
and  these  are  generally  iu  the  direction  E.  and  VV  If  we  consider 
Curnwall  us  a  large  obiong  mass,  the  longitudinal  diameter  will  be 
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in  that  direction,  while  the  cross  courses  are  generally  filled  with 
some  other  material.  We  may  hence  conceive  why  the  metal- 
liferous lime-stone  of  Derbyshire  may  be  separated  by  amygdaloidal 
strata  called  toad-stone.  The  metallic  vein  in  the  upper  stratum  of 
mountain  lime-stone  is  cut  off,  and  again  appears  in  the  calcareous 
bed  below  the  toad-stone  stratum.  Upon  the  foregoing  principles 
we  may  explain  the  formation  of  veins  without  having  recourse  to 
the  Huttonian  or  the  Wernerian  theories ;  and  Professor  Playfair 
has  adduced  the  septarium  as  a  strong  illustration  of  its  arrange- 
ments depending  upon  its  previous  fluid  state  by  the  agency  of  heat. 
The  carbonate  of  iron  nearly  constitutes  one-third  of  the  argil- 
laceous mass  ;  and  its  cementing  powers  depend  upon  the  large 
proportion  of  this  metallic  matter.  With  the  portions  of  the  cliflF 
are  found  great  quantities  of  pyrites  in  thin  flattened  portions, 
which  have  all  the  appearance  of  having  been  previously  in  a  soft- 
ened state,  as  they  bear  the  marks  of  impression  from  the  surround- 
ing materials :  and  it  is  not  uncommon  to  find  portions  of  wood 
strongly  indented  in  them,  and  in  that  condition  as  to  render  it 
impossible  that  they  could  ever  have  been  exposed  to  the  agency  of 
heat.  In  such  abundance  this  sulphuret  of  iron  exists,  as  to  largely 
xrontribute  to  the  sup|)ly  of  a  copperas  work  in  the  vicinity  of  Har- 
wich. Although  the  quantum  of  pyrites  is  so  considerable,  yet  no 
traces  of  the  sulphuret  of  iron  are  discoverable  in  the  argillaceous 
mass.  The  formation  of  these  pyritical  masses  favour  the  opinion  I 
have  ventured  to  offer  relative  to  the  formation  of  veins.  If  we 
regard  all  the  substances  which  constitute  the  cliff  to  have  been  in  a 
very  softened  state,  and  to  have  been  formed  of  a  general  admixture 
of  alumina,  silex,  carbonates  of  lime  and  of  iron,  and  of  the  sul- 
phuret of  iron  ;  in  the  first  stage  of  desiccation  the  sulphuret  of 
iron  appears  to  be  the  first  portion  thus  mechanically  separated.  As 
the  complete  consolidation  cannot  take  place  in  situ,  on  account  of 
the  retentive  power  of  the  large  proportion  of  alumina  for  water,  as 
soon  as  portions  of  the  cliff  are  detached  and  exposed  to  the  air,  the 
hardness  above  noticed  takes  place,  with  the  changes  already  par- 
ticularized. 

In  the  vicinity  of  Bath  we  have  frequent  opportunities  of  ob- 
serving in  our  rocks  vegetable  and  animal  remains  in  such  conditions 
as  to  favour  the  supposition  that  the  surroimding  mass  has  been  in  a 
similar  softened  state.  Lately  a  stratum  of  blue  lyas  at  Twyerton 
has  been  worked  for  the  purposes  of  repairing  the  road*.  In  this 
rock  some  ammonites  of  nearly  12  inches  in  diameter  have  been 
discovered,  most  curiously  compressed  out  of  their  usual  spiral 
direction,  without  any  destruction  of  the  general  characters  of  the 
cast  of  the  shell  of  this  supposed  sea  snail.  In  the  fissures  of  this 
lyas  bed  there  are  numerous  beautiful  octohedral  crystals  of  pyrites, 
and  in  the  same  clefts  are  found  large  portions  of  wood,  which  have 
all  the  appearance  of  having  been  softened  and  flattened,  the  lig- 
neous character  in  many  parts  well  preserved,  while  the  greater 
portions  are  converted  into  beautiful  jet.  I  have  one  of  these  pieces. 
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nearly  2  lb.  in  weight,  one  end  of  which  has  the  colour  and  pro- 
perties of  the  Bovey  coal,  and  the  remaining  portion  in  the  state  of 
jet.  These  ligneous  portions  have,  in  their  drying,  split  in  different 
directions,  and  into  these  divisions  sulphuret  of  iron  has  been 
pressed. 

It  is  a  circumstance  remarked  by  agriculturists,  that  when  stiff 
clay  lands  are  well  limed,  however  carefully  mixed  and  ploughed 
into  the  clay,  in  the  course  of  time  a  series  of  hardened  calcareous 
masses  are  formed,  evincing  that  during  the  changes  of  the  condi- 
tions of  the  argillaceous  part,  in  its  softening  and  in  its  drying 
stages,  the  lime  becomes  mechanically  separated. 

1  shall  take  the  liberty  of  troubling  you  for  a  future  number  with 
some  remarks  on  the  results  of  the  analyses  I  have  made  on  the 
fiubstance  of  this  cliff,  before  and  after  its  calcination. 
1  am,  dear  Sir,  yours  respectfully, 

C.  H.  Wilkinson. 


Article  III. 


An  Essay  on  the  Shapes,  Dimensions,  and  Positions  of  the  Spacesf 
in  the  Earth  which  are  called  Rents,  and  the  Arrangement  of  the 
Matter  in  them  :  ivith  the  Definition  and  Cause  of  Stratification. 
By  Mr.  John  B.  Longmire. 

(Continued  from  p.  217.) 

On  Surface  Rents. 

I  HAVE  said  that  the  earth's  features  are  owing  to  the  unequal 
contraction  of  its  matter :  the  object  of  the  following  essay  is  to 
prove  this  assertion. 

The  dry  land  is  generally  divided  into  mountainous  and  flat 
ground.  Mountainous  ground  consists  of  many  long  elevations  and 
depressions,  or  mountains  and  valleys,  which  are  generally  situated 
in  the  following  order  :  one  range  of  mountains  divides  the  moun- 
tain ground  into  two  parts  ;  both  of  which  last  contain  ranges  that 
make  with  the  principal  ranges  either  right  or  acute  angles ;  and 
sometimes  cither  or  both  of  them  contain  small  ranges  similarly 
disposed  towards  them  as  they  are  to  the  principal  range.  A  range 
of  vallies  lies  between  two  ranges  of  mountains.  If  a  line  be  drawn 
round  the  principal  range,  that  for  the  greatest  part  is  parallel  to  it, 
but  that  siiall  cross  all  tiie  secondary  ranges  at  right  angles.  The 
surface  line  of  these  ranges  in  liiis  direction  will  be  well  repre- 
sented by  the  undulating  line  abed  efg,  fig.  4,  Plate  XXXVIII. 
which  line  encloses  three  mountains,  b,  d,f,  and  leaves  two  valleys, 
<,  e,  between  them.  This  alternation  of  mountain  and  valley  is  thus 
accounted  for.  The  earth's  matter,  before  it  had  assumed  its  pre- 
sent degree  of  soUdity,  diminished  considerably  in  bulk  3  and  .as  its 
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elementary  substances  are  not  the  same,  nor  their  proportions  to  one 
another  equal,  in  every  part,  the  parts  which  differed  from  others 
diminished  in  bulk  more  or  less  than  they.  Hence  some  parts  have 
sunk  much  lower  than  others ;  but  as  in  general  that  difference  ia 
the  component  parts  of  matter  reached  its  maximum  progressively, 
it  is  productive  of  the  undulated  surface  before  described,  under 
which  the  matter  at  a,  c,  e,  sunk  lower  than  at  b,  d,f. 

The  shape  of  mountain  and  valley  just  mentioned  appears  to  be 
the  most  general,  though  not  the  only,  one  :  for  when  the  matter 
under  valleys  sunk  below  the  tops  of  mountains  above  a  certain 
distance,  it  appears  to  have  separated  the  mountains  into  two  or 
more  parts.  Let  fig.  5  be  the  cross  section  of  a  mountain  that  is 
broken  into  two  parts,  A,  C.  Let  a  ^  c  be  the  general  surface  line 
of  a  mountain  when  it  preserves  the  ordinary  figure.  But  the 
matter  under  the  vallies  a,  c,  sunk  lower  than  this  line  by  the  depths' 
c  k  and  a  d ;  and  in  doing  so  it  forced  the  mountain  A  C  to  separate 
in  the  middle  at  b  g  ;  and  one  side  to  pass  from  b  g  to  e  g,  and  the 
other  from  b  g  to  i  g.  The  valley  B,  therefore,  is  formed  by  the 
separation  of  the  mountain ;  and  the  sides  e  g  and  g  i  are  not 
natural,  but  forced,  surfaces.  As  all  valleys  similar  to  the  valley  B 
are  filled  up  to  certain  heights,  say  equal  to  the  height  of  the  line 
J" h,  doubts  may  be  entertained  if  the  sides  i  g  and  eg,  as  seen  on 
the  surface,  really  continue  to,  and  meet  at,  the  point  g ;  but  suffi- 
cient proofs  are  found  in  the  appearance  of  the  sand  and  gravel, 
and  in  the  water  of  lakes,  by  which  such  parts  as  the  part  J  g  h  are 
filled.  In  the  middle  of  the  last  described  valley  we  sometimes 
meet  with  a  rock,  D,  fig.  6,  rising,  as  it  were,  out  of  the  body  of 
sand.  Such  a  rock  continues  downwards  till  it  meets  the  sides  b  k 
and  h  m,  at  m  and  k,  and  the  hollows  k  c  d  and  f  g  m  are  filled 
with  gravel  and  sand,  or  with  the  water  of  lakes.  'I'he  pass  between 
Ambleside  and  Cockermouth,  and  probably  that  between  the  east 
and  west  seas,  which  contains  the  lakes  Linnhe,  Locky,  and  Ness, 
consist  of  a  succession  of  valleys  like  that  valley  just  described. 
Sometimes  a  mountain  is  separated  into  three  parts,  as  fig.  7  repre- 
sents. In  all  these  separations  the  opposite  sides  of  valleys  are 
seldom  of  the  same  height;  and  sometimes  one  side  of  a  valley  is 
so  much  lower  than  the  other,  as  to  be  totally  covered  with  alluvial 
matter,  or  with  lakes.  The  valley  of  Windermere  has  this  appear- 
ance :  g  k  i,  fig.  8,  is  the  lake,  /.;  /  the  steep  side  of  the  mountain 
on  the  v.-est,*  and  gf  the  flat  mountain  on  the  east  side  of  the  lake. 
The  part  ej'h  was  once  as  high  as  the  part  I  m]  at  that  time  they 
would  appear  like  the  pricked  sectional  lines  a,  b,  c,  d;  but  the 
former  part  having  a  tendency  to  sink  lower  than  the  latter,  a  sepa- 
ration took  place  between  them,  and  left  them  at  liberty  to  contract 
independent  of  each  other  ;  accordingly  the  part  a  b  mnk  to  e  f  h, 
and  the  part  c  d  to  I  m;  but  the  part  g  hi  of  the  side  f  k  is 

♦  The  steep  rented  surface  of  this  mountain  is  between  the  Bellgrange  and  (be 
Ferry.    Above  and  below  the»e  places  the  mountain  has  its  natural  »urfacc. 
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covered  witli  tlie  lake  and  alluvial  matter,  so  that  the  steep  side  h  i, 
which  coires])onds  with  the  steep  side  i  I,  cannot  be  seen. 

All  the  rents  in  a  group  of  mountains  are  resolvable  into  some  of 
the  foregoing  rents:  and  all  mountains  and  vallies  are  composed  of 
some  one,  or  combinations  of  two  or  more  of,  or  all,  these  natural 
or  rented  inequalities.  When  a  mountain  is  separated  into  parts  by 
surface  rents,  the  common,  or  undulated  figure,  is  often  disguised, 
or  rather  altered  ;  but  a  sufficient  resemblance  still  remains  between 
its  figure  as  it  appears  at  present,  and  what  it  was  before  these  rents 
happened,  to  distinguish  the  original  extent  and  shape  of  every 
mountain.  Where  mountains  and  valleys  are  small  undulated  in- 
equalities, as  in  the  primitive  district  of  Cornwall  and  Devonshire, 
surface  rents  are  wanting ;  and  from  this  circumstance  arises  the 
tameness  of  the  scenery  in  these  parts;  but  in  the  mountains  of  the 
northern  parts  of  England  and  Scotland  the  undulations  are  much 
higher,  and  of  course  surface  rents  abound,  and  give  the  charac- 
teristic sublimity  to  these  moimtains. 

I  have  hitherto  confined  my  remarks  to  the  primitive  mountains. 
The  mountains  of  transition  lime-stone  have  steep  sides  which 
generally  face  the  primitive  mountains,  and  flat  sides  next  the  floetz 
or  stratified  countries  ;  but  sometimes  the  steep  side  faces  the  stra- 
tified formations,  and  occasionally  any  point  between  the  primitive 
and  stratified  formations.  This  difference  in  the  position  of  the 
mountain  masses  of  lime-stone  is  thus  accounted  for.  When  the 
lime-stone  lies  on  the  remote  side  of  a  mountain  range,  whose  long 
direction  is  parallel  to  that  of  the  principal  mountain  range,  the 
steep  side  faces  the  centre  of  the  mountains :  and  when  it  lies  on 
that  side  of  such  a  mountain  which  is  nearest  the  centre  of  the 
primitive  group,  its  steep  side  then  faces  the  stratified  formations ; 
but  if  it  lie  on  either  side  of  a  mountain  whose  position  is  at  right 
angles  to  that  of  the  principal  range,  its  steep  side  neither  faces  the 
centre  of  the  group,  nor  directly  the  stratified  formations,  but  a 
j)lace  half  way  between  these  extremes.  The  reason  why  mountain 
masses  of  lime-stone,  lying  only  on  one  side  of  primitive  mountains, 
must  have  steep  and  fiat  sides,  will  appear  on  examining  the  dia- 
gram attached  to  fig.  4.  The  floetz  formations  have  undulated  in- 
equalities al?o,  but  they  are  much  smaller  than  those  of  the  primi- 
tive matter.  The  smallness  of  these  inequalities  is  owing  to  the 
following  circumstances  :  a  collection  of  the  floetz  formations  lies 
in  very  large  hollows  of  the  primitive  and  transition  matter.  Hence 
as  this  hollow  was  forming  and  filling  slowly  and  progressively',  the 
lower  half  had  time  to  acquire  a  considerable  degree  of  solidity,  so 
that  when  the  hdllow  was  filled  it  was  mostly  the  unequal  contrac- 
tion of  the  matter  in  the  upper  half  of  the  formations  that  could 
affect  the  surface;  and  the  inequality  in  the  contraction  of  this  part 
would  give  rise  to  only  small  elevations  and  depressions.  When 
either  the  tops  of  isolated,  underlying,  unstratified,  mountains, 
which  are  composed  cither  of  primitive  matter,  such  as  clay-slate. 
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&c.  or  lime-stone,  or  the  tops  of  underlying,  stratified  mountains, 
such  as  some  of  the  newest  floetz  trap  formations  of  Werner,  appear 
above  the  general  stratified  formations  which  surround  them,  they 
have  individually  one  steep  and  one  flat  side,  and  are  much  larger, 
than  any  other  inequalities  that  are  found  among  the  stratified  for- 
mations. 

The  undulated  figure  of  the  earth's  inequalities,  as  has  been 
shown,  took  its  rise  from  the  sinking  of  the  ground  lower  in  one 
part  than  in  another,  and  the  rented  surfaces  were  formed  by  its 
sinking  below  natural  valleys,  so  much  that  the  high  ground  was 
forced  to  separate  into  parts,  to  permit  the  continuation  of  that 
sinking.  Therefore  all  the  earth's  features  are  owing  to  the  unequal 
contraction  of  its  matter. 


Article  IV. 
On  the  Collision  of  perfectly  Hard  Bodies.     By  Mr.  John  Gough* 

(To  Dr.  Thomson.) 
SIR, 
Bodies  are  divided  into  elastic  and  inelastic,  from  a  very  obvious 
difference  in  iheir  effects  after  collision  :  they  are  also  distinguished 
by  the  epithets  of  hard  and  soft,  from  their  comparative  pliantness. 
Hardness  and  softness  are  terms  with  which  every  one  is  acquainted; 
but  the  human  mind  constantly  endeavours,  in  the  contemplation 
of  the  qualities  of  things,  to  conceive  them  in  a  state  of  perfection; 
for  it  thereby  acquires  precise  definitions,  which  are  afterwards  used 
in  comparing  the  same  qualities  as  they  occur  in  nature.     For  this 
reason  philosophers  define  that  body  to  be  perfectly  hard  which  is 
so  constituted  as  to  resist  all  change  of  figure  when  acted  on  by  a 
finite  force.     On  the  contrary,  those  bodies  are  said  to  possess  the 
quality  of  hardness  in  an  imperfect  degree  which  undergo   any 
alteration  in  their  shapes  from  collision  or  pressure  ;  which  changes 
are  evidently  produced  by  an  internal  motion  amongst  their  consti- 
tuent particles  ;  and  this  motion  is  as  evidently  effected  in  time  in 
consequence  of  an  external  force  being  applied  to  the  mass.     After 
niathen)aticians  have  divided  bodies  into  the  kinds  stated  above, 
they  proceed  to  lay  down  the  laws  of  collision  by  help  of  these  de- 
finitions ;  but  their  demonstrations  do  not  appear  to  be  conducted 
with  the  same  perspicuity,  nor  even  with  equal  correctness  in  all  the 
cases ;  I  mean  in  those  relating  to  hard  bodies.     For  theorems  have 
been  invented,  expressing  the  interchange  of  motion,  arising  from 
the  collision  of  bodies  which  are  perfectly  elastic,  and  of  such  as 
are  impejfectly  so;  and  the  results  are  found,  upon  comparison,  to 
differ  essentially.     But  when  the  same  interchange  comes  to  be  inr 
vestigated  in  the  case  of  hard  bodies,  no  notice  is  taken  of  perfect 
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and  imperfect  hardness ;  but  the  result  of  the  inquiry  is  commonly 
referred  to  bodies  possessing  the  quality  in  an  absolute  degree, 
though  it  is  manifestly  derived  from  the  properties  of  matter  which 
is  comparatively  soft  or  pliant.  The  fundamental  theorem  is  com- 
monly expressed  in  the  following  manner,  or  nearly  so.  If  two 
perfectly  hard  bodies  impinge  u|X)n  each  other,  they  will  move 
together  after  collision  with  the  velocity  due  to  their  common  centre 
of  gravity  before  and  after  impact,  or  else  both  will  remain  at  rest. 
The  arguments  advanced  in  support  of  the  proposition  may  be  thus 
stated.  When  a  perfectly  hard  body,  A,  impinges  directly  on  an- 
other perfectly  hard  body,  B,  part  of  A's  motion  is  transferred  to 
B,  by  the  action  of  A  ;  and  an  equal  quantity  is  taken  from  A  by 
the  re-action  of  B.  Thus  is  the  velocity  of  B  augmented,  and  that 
of  A  diminished,  until  they  become  equal,  when  action  and  re- 
action ceases :  but  it  is  the  velocity  ot  the  bodies  which  is  changed 
by  collision,  not  the  momentum  of  the  system ;  therefore  the 
velocity  of  A  and  B  becomes  equal  to  that  of  tlieir  common  centre 
of  gravity,  from  the  force  of  impact;  consequently  if  the  centre  of 
gravity  be  without  motion,  A  and  B  are  reduced  to  a  state  of  rest. 
Such  are  the  arguments  advanced  in  sujiport  of  the  proposition  : 
but  if  only  part  of  A's  momentum  be  transferred  to  B,  and  that 
gradually  too  until  these  velocities  become  equal,  the  centre  of 
gravity  of  A  will  in  the  mean  time  approach  that  of  B.  In  other 
words,  the  figures  of  both  bodies  will  be  changed  ;  consequently 
they  are  imperfectly  hard  and  inelastic. 

After  making  the  preceding  lemaiks  on  the  fundamental  theorem 
relating  to  the  doctrine  of  collision  in  general,  1  will  endeavour  to 
investigate  the  effects  which  really  would  result  from  the  impact  of 
lx)dies  possessing  the  quality  of  hardness  in  an  absolute  degree. 
For  this  purpose  the  reader  is  requested  to  form  the  simple  diagram 
for  himself,  which  is  easily  done,  and  will  spare  the  editor  a  little 
unnecessary  trouble. 

Let  A,  B,  1^,  G,  &c.  be  a  row  of  circles  touching  each  other 
externally  in  succession.  Also  let  the  right  line,  C  D,  pass  through 
their  centres,  and  the  figure  is  complete. 

Prop.  I. — If  a  perfectly  hard  body.  A,  moving  in  the  direction 
C  D  with  the  momentum  M,  impinge  upon  a  perfectly  hard 
body,  B,  at  rest,  A  will  loose  all  its  momentum,  which  will  be 
transferred  to  B  in  the  same  direction,  CD;  for  as  soon  as  A  and 
B  come  into  contact,  their  centres  of  gravity  will  cease  to  approach 
by  definition;  therefore  A  will  exert  its  momentum,  M,  collectively 
upon  B  in  the  direction  C  D,  no  regard  being  had  to  time  ;  and  B 
will  re-act  in  the  same  manner  whh  an  equal  force  in  the  direction 
DC;  i.  e.  A  will  be  urged  in  opposite  directions  by  equal  forces, 
one  of  which  is  its  own  momentum:  therefore  A  will  lose  all  its 
motion  :  but  B  is  urged  in  the  line  C  D  with  the  momentum  of  A 
only;  therefore  M,  or  this  momentum,  will  be  transferred  to  B. 

a.  E.  D. 

Cor. — If  A  in  motion  impinge  upon  B  at  rest,  the  first  in  a  row 
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of  bodies,  B,  F,  G,  &c.,  tvUich  are  in  contact ;  the  momentum 
of  A  will  be  instantaneously  transferred  to  the  furthest  body,  G, 
tvithout  any  change  of  place  in  F  and  B.  This  is  evident  from  the 
proposition. 

Pro[).  2. — If  a  body,  A,  moving  in  the  direction  C  D  with  the 
momentum  M,  meet  another,  B.  moving  in  the  direction  D  C  with 
the  momentum  R,  these  bodies  will  interchange  their  directions 
and  momenta  ;  for  the  force  acting  upon  A  in  the  direction  D  C, 
in  consequence  of  B's  re-action  to  A's  motion,  and  the  exertion 
of  its  own  momentum,  will  be  M  +  11 ;  but  A's  momentum  in 
C  D  is  M  ;  and  the  excess  of  these  forces,  viz.  R,  gives  A's 
momentum  in  D  C  after  collision:  in  like  manner  B  is  urged  in 
C  D  with  the  same  force,  M  +  R,  and  in  D  C  with  the  force  R. 
Therefore  M  is  B's  momentum  in  C  D  after  impact.     Q.  E.  D. 

Cor. — Two  j>erfectly  hard  bodies,  whose  centre  of  gravity  i* 
stationary,  are  not  reduced  to  a  state  of  rest  by  collision. 

Prop.  3. — If  a  perfectly  hard  body,  A,  moving  with  the  momen- 
tum M  in  the  line  C  D,  impinge  upon  another,  B,  also  moving  in 
C  D  with  the  momentum  R,  no  change  of  direction  will  take  place 
in  either ;  but  A's  momentum  after  impact  =  A  R  h-  B,  and  that 
of  B  =  M  +  R  —  A  R  -^  B.  For  the  relative  velocity  of  A  and 
B  before  collision  =  M-^A  —  R-^B;  therefore  momentum  of 
collision  =  M— AR-r-  B  =  re-action  of  B  or  A  in  direction 
D  C;  which  subtracted  from  the  greater  magnitude  M,  or  A's 
momentum  in  C  D,  gives  A  R  h-  B  =  A's  momentum  in  that 
direction  after  collision.  Again,  the  action  of  A  upon  B's  momen- 
tum, R,  in  the  same  direction  C  D  gives  B's  momentum  after  im- 
pact =  M  4-  R  -  A  M  -^  B.    Q.  E.  D. 

Cor. — ^A  and  B  cannot  in  any  case  move  together  after  impact ; 
for  supposing  they  can,  A's  velocity,  R-t-B  =  M-t-B  +  R-^ 
B  —  A  R  -r-  B  B.  Hence  M  -^  A  =  R  -^-  B,  which  is  impos- 
sible by  the  proposition.  I  am,  yours,  &c, 

Fovcl-Irtg,  Kendal,  Oct.  9,  1815.  JoHN    GoUGH. 


Article  V.  * 

Queries  respecting  the  Ventilation  ofCoal-Mines. 
(To  Dr.  Thomson.) 

SIR, 
The  various  accidents  that  have  recently  happened  to  miners  art 
calculated  forcibly  to  excite  the  attention  of  every  friend  to  huma- 
nity ;  and  the  interest  which  these  events  have  awakened,  will,  I 
have  no  doubt,  induce  many  persons  to  exercise  their  minds  upon 
the  means  of  averting  such  fatal  miscliiefs  from  so  useful  a  portion  of 
the  community. 
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The  most  valuable  discoveries  are  frequently  of  the  greatest  sim- 
plicity, and  have  occasionally  been  elicited  by  persons  whose  habits 
were  very  remote  from  the  scene  of  their  application.  Will  you 
permit  one,  who  is  desirous  of  obtaining  as  much  information  as 
possible  upon  the  methods  at  present  adopted  to  ventilate  coal- 
mines, to  request  that  some  of  your  correspondents  who  are  con- 
versant with  the  subject  would  state  in  your  Journ.il,  or  refer  to  any 
other  publication,  in  which  a  minute  detail  may  be  found  of  the 
whole  of  the  contrivances  employed  to  expel,  exhaust,  or  counteract, 
the  injurious  effects  of  the  carbureted  hydrogen  gas,  which  has  in 
so  many  instances  rendered  the  extremities  of  mines  inaccessible  to 
the  workmen.  I  am  not  unacquainted  with  the  usual  metliod  or 
ventilation  by  the  atmospheric  current  j  but  should,  nevertheless, 
wish  to  see  a  circumstantial  account  of  the  different  processes, 
common  or  rare,  by  which  it  is  effected,  and  where  and  in  what 
respects  they  are  found  to  fail,  together  with  whatever  expedients 
may  have  been  resorted  to  as  remedies  for  such  defects  ;  and  where 
these  also  have  been  unattended  with  success,  to  what  cause  such 
failures  may  be  attributed.  It  would  likewise  be  desirable  to  know 
how  far  any  of  the  ingenious  persons  interested  and  concerned  in 
mines  have  proceeded  in  their  endeavours  to  devise  a  security  for 
miners  against  the  effects  of  the  eruption  of  gas  while  they  are  at 
work. 

A  statement  of  the  whole  of  these  particulars,  and  of  any  others 
that  bear  upon  the  points  in  question,  might  prove  of  service  to  the 
cause,  in  calling  forth  the  efforts  of  some,  who,  wishing  to  employ 
their  thoughts  upon  them,  are,  for  want  previously  of  precise  in- 
formation upon  these  matters,  at  a  loss  how  to  direct  their  attention 
to  advantage.  I  need  scarcely  suggest  that,  in  taking  any  subject 
of  art  into  consideration,  it  is  hig-fily  expedient  to  be  informed  of 
the  advancement  which  others  have  already  made  in  it,  and  the 
manner  in  which  even  their  unsuccessful  attempts  have  been 
directed.  Where  this  cannot  be  obtained,  invention  will  not  have 
fair  play,  and  the  most  sedulous  endeavours  may  be  lavished  upon 
what  has  long  been  known.  After  a  series  of  efforts,  it  has  often 
appeared  that  only,  a  small  portion  has  been  gained  of  the  same 
ground,  over  which  others  had  unprofitably  passed  before,  and  hours 
af  application  may  thus  be  utterly  lost. 

I  am,  Sir,  yours  respectfully. 


Vol.  VI.  N^  VI.  Q  D 
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Article   VI. 

Description  of  an  Instrument  for  ensuring  the  Attention  of  Watch' 
men.     By  Henry  Beaufoy,  Esq. 

(To  Dr.  Thomson.) 

DliAR  SIR,  London,  Oct.  25,  1813. 

The  losses  and  inconvenience  to  which  the  community  are  ex- 
posed through  the  inattention  of  \v'atchmen  to  their  nightly  duties 
are  a  tlieme  of  general  complaint.  The  depredations  committed, 
not  unfrequently  within  a  few  yards  of  the  watchman's  station,  are 
a  practical  proof  of  the  very  insufficient  manner  in  which  the 
rounds  are  performed.  The  cause  of  the  evil  is  evidently  to  be 
traced  to  the  inability  of  the  employers  to  compel  vigilance  by  the 
certainty  of  detection. 

Having  occasion  myself  some  time  ago  to  conduct  a  process  in 
which  success  depended  on  an  undeviating  hourly  attendance 
throughout  the  day  and  night,  it  became  necessary  to  devise  some 
means  by  which  the  presence  of  those  appointed  to  manage  the 
operation  might  be  insured. 

The  watch  clock,  of  which  I  have  the  honour  to  enclose  you  a 
drawing,  completely  answered  the  purpose.  It  is  equally  adapted 
to  civil  and  military  as  to  manufacturing  purposes.  By  placing  the 
clock  in  any  building  at  the  further  extremity  of  the  round,  it  not 
only  points  out  occasional  dereliction  from  regularity,  but  registers 
the  precise  hour  in  which  the  neglect  took  place. 

In  the  first  wheel  or  register  1  had  made,  the  inner  or  hour  circle 
was  omitted  for  the  sake  of  getting  rid  of  extraneous  weight;  but 
in  the  second  it  was  introduced  as  combining  the  double  purposes  of 
the  common  house,  as  well  as  of  the  register,  clock. 

I  am  conscious  that  this  communication  is  too  insignificant  to  be 
worthy  of  a  place  in  your  Journal ;  but  having  derived  advantage 
from  the  use  of  the  register  myself,  I  think  it  possible  that  some  of 
your  readers  interested  in  manufacturing  cstabjishments  may  feel 
no  disinclination  to  adopt  a  safe  check  on  the  confidential,  and  an 
unerring  detector  of  the  careless,  in  their  employ. 

I  remain,  dear  Sir, 
Your  most  obedient  and  obliged  sei-vant, 

Henry  BfiAUFov. 

The  machine  corisisfs  of  a  common  eight  day  striking  clock,  the 
glass  front  of  which  is  reduced  to  the  diameter  of  the  hour  circle, 
as  shown  in  fig.  1,  Plate  XLI^  The  hour  and  minute  hands 
are  removed,  and  the  register  substituted  in  their  room.  The 
register,  being  required  to  make  but  one  revolution  in  12  hours,  is 
fixed  to  the  hour  arbor  of  the  clock-work.    The  figures  on  the  hour 
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circle  are  reversed  in  the  order  in  which  they  stand  on  the  common 
clock  faces,  because  the  motion  of  the  hours  becomes  reversed  by 
making  the  dial  revolve  instead  of  the  hands.  The  register  is 
composed  of  three  distinct  parts :  a  light  brass  circular  magazine, 
half  an  inch  wide,  and  of  the  same  deptli,  divided  into  12  com- 
partments; a  lid  or  cover  with  the  same  number  of  elliptical  perfora- 
tions; and  an  hour  circle.  Fig,  4  shows  the  hour  circle,  to  the  outer 
rim  of  which  are  attached  three  crutches,  h,  h,  b,  to  receive  and 
support  the  magazine,  which  is  guided  into  its  place,  and  kept 
steady  there,  by  six  small  shoulders  or  projections,  c,  c,  c,  on  its 
inner  edge,  which  embrace  the  sides  of  the  crutches.  Fig.  3  re- 
presents the  magazine  or  outer  circle,  with  its  front  plate  removed, 
exhibiting  the  division  into  compartments.  The  partitions  are  made 
by  two  or  three  wires  rivetted  or  screwed  into  the  two  sides  of  the 
circle.  Fig.  2  is  a  front  view  of  the  register  with  all  its  parts  con- 
nected :  c,  c,  c,  are  three  studs  or  buttons  which  keep  the  lid 
affixed  to  the  magazine.  In  this  view  are  shown  the  elliptical 
openings  into  the  magazine.  These  openings  are  10  minutes  ia 
their  shortest,  and  20  in  their  longest,  diameter.  The  rim  moves 
so  easily  in  and  out  of  the  crutches,  as  to  admit  of  its  being  de- 
tached, or  put  on,  without  affecting  the  going  of  the  clock.  Im- 
mediately above  the  meridian  of  the  clock,  fig.  1,  a  hole,  o,  is 
bored  through  the  wooden  door,  of  a  diameter  equal  to  10  minutes 
measured  on  the  register  circle.  The  centre  of  this  hole  must 
exactly  coincide  with  the  centre  of  the  openings  in  the  rim  of  the 
register.  It  only  remains  to  furnish  the  watchman  with  a  sufficient 
number  of  light  spherical  wooden  balls  of  a  diameter  equal  to  the 
holes  in  the  clock  front,  and  to  instruct  him  to  drop  one  into  the 
hole,  a,  at  each  hourly  visit.  The  elliptical  shape  of  the  holes  in 
the  face  of  the  rim  will  allow  the  ball  to  pass  into  the  register  either 
five  minutes  before  or  five  minutes  after  the  exact  hour  stroke.  At 
the  expiration  of  the  watch,  the  door  is  unlocked,  the  rim  removed 
from  the  crutches,  and  the  face  or  lid  slipped  from  the  studs.  The 
absence  or  presence  of  a  b^U  in  each  compartment  indicates  the 
regularity  or  the  neglect  with  which  the  duty  has  been  performed. 

Reference  to  the  Plate. 

Fig.  1,  the  head  of  the  clock  with  the  register  adapted  ready  for 
use. 

Fig.  2,  the  hour  and  register  circles  in  working  order. 

Fig.  3,  the  register  without  its  plate  or  cover. 

Fig.  4,  the  hour  circle  with  the  crutches  ready  to  receive  the 
register,  fig.  3. 

Fig.  5,  a  section  in  perspective  of  fig.  2,  fixed  to  the  hour  arbor, 
d,  of  the  clock,  as  in  fig.  1. 

Fig.  6,  one  of  the  crutches  attached  to  the  hour  circle,  fig.  4, 
and  which  carry  the  register,  fig.  3. 

2  D  2 
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Article    VII. 

Further  Observations  on  Fluxions,     By  Alex.  Christison,  Esq. 
Professor  of  Humanity,  Edinburgh. 

(To  Dr.  Tiiomson.) 

MY  DEAR  SIR,  Edinburgh,  Oct.  13,  1815. 

To  SQme  remarks  on  Euclid's  definition  of  proportion,  in  hh 
fifth  book,  to  be  inserted,  if  you  choose,  in  your  Annals  of  Philo^ 
sopliy,  I  subjoin  the  deduction  of  fluxions  from  the  definition  which 
you  published  in  May. 

If  the  equality  of  the  products  of  the  means  and  of  the  extremes 
be  assumed  as  the  criterion  of  proportionality,  it  is  evident  that  the 

formula  ,\   "^  „  —  ^  .  '^  »  demonstrates  Euclid's  property,  in  his 

fifth  definition,  book  fifth,  with  regard  both  to  comraensurables  and 
to  incgramensurables ;  and  that  the  formula  is  applicable  even  to 
ahstraet  numerical  and  algebraical  quantities :  but  it  will  be  found 
that  the  criterion  above-mentioned  is  not  so  convenient  as  Euclid's 
fQr  demonstration.  We  cannot,  however,  apply  Euclid's  criterion 
or  property  so  universally  as  the  other ;  for  we  cannot,  in  demon- 
stration, apply  it  to  abstract  numerical  and  algebraical  quantities  : 
we  can  apply  it  to  those  quantities  only  in  which,  as  in  geometrical 
magnitudes,  the  slowest  learner  sees  that  the  first  and  the  third 
have  a  necessary  dependance  on  each  other,  as  also  the  second  and 
the  fourth.  A  learner  understands  immediately  Euclid's  definition 
if  he  be  directed  to  prop.  35,  book  6  ;  for  supposing  the  angle  at 
the  centre,  the  first  terra  is  an  arch  of  the  one  circle,  and  the  third 
term  is  the  corresponding  angle  of  that  aich.  Now  it  is  impossible 
for  the  slowest  learner  to  conceive  that  he  can  double,  &c.  the  arch 
or  first  term  without  doubling,  &c.  the  corresponding  angle  or  third 
term.  The  same  may  be  said  with  regard  to  the  second  and  the 
fourth  terms,  which  belong  to  the  other  circle.  If  the  one  circle 
be  laid  on  the  other,  and  if  the  multiple  of  the  one  arch  be  equal 
to  the  multiple  of  the  other,  the  multiple  of  the  one  angle  must 
also  be  evidently  equal  to  the  multiple  of  the  other  ;  and  if  greater, 
greater;  and  if  less,  less:  consequently  the  quantities  are,  by  the 
definition,  proportional.  The  equimultiples  of  the  first  and  third, 
and  of  the  second  and  fourth,  can  be  exhibited  to  the  learner  with- 
out taking  any  particular  numbers  as  multipliers  :  but  it  is  impos- 
sible, I  think,  to  do  so  with  regard  to  any  abstract  numerical  and 
alo-ebraical  quantities  which  are  to  be  proved  proportional ;  and  if 
we  take  parts,  we  abandon  Euclid's  definition.  Euclid's  definition, 
then,  is  not  applicable  to  all  proportional,  quantities  ;  but  it  is  per- 
fect if  it  be  limited  by  Its  proper  range :  it  admits,  but  it  does  not 
need,  demonstration  ;  it  includes  intommensurables ;  and  it  de- 
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monstrates  simply  and  rapidly  where  some  eminent  mathematicians 
demonstrate  complexly  and  tediously. 

As  fluxions  are  a  part  of  the  theory  of  rates,  I  subjoin  an  alge- 
braical investigation  and  demonstration  of  the  fluxional  problem. 

Definition. 
Fluxions  is  a  method  for  finding  the  rate  of  change  in  a  quantity 
and  its  function. 

Prollem. 

To  find  the  fluxion  of  a";  n  being  any  positive,  integral,  number; 
and  X  or  1  being  assumed,  as  it  may  be,  for  the  fluxion  of  x,  while 
X  varies  uniformly. 

x"  may  be  represented  thm,  x  x  x  x  x  x  x  . .  .  .with  x  as  often 
employed  as  there  are  units  in  n;  and  if  it  is  only  the  first  x  that 
varies,  the  fluxion  must  be  1  x'-'x;  but  if  every  x  varies  in  suc- 
cession, the  fluxion  must  be  7z  a;"  ~ '  x.     Q.  E.  I.  and  D. 

If\r  =  I  .r  =  1  X  1  be  represented  by  a  square  whose  side  is  = 
1,  71  a:""  '  .V  may  be  represented  by  an  oblong  with  1  for  one  of  its 
tildes,  and  n  x-"  ~  '  for  the  other  ;  consequently. 

As  the  square  :  the  oblong  ::  1  .v  :  «  x""  'a*. 

If  a  learner  find  any  difficulty  in  conceiving  that  if  x  vary  uni- 
formly, X  or  1  is  the  fluxion  of  x,  he  will  easily  learn  that,  in 
comparing  the  rate  of  variation  or  change,  in  an  uniform  motion 
of  16'-jV  feet  in  a  second,  with  the  law  of  descent  of  heavy  bodies, 
the  rates  at  the  end  of  each  successive  second  are,  as  1  :  2,  as  1  :  4, 
as  1  :  6,  &c.,  the  space  gone  over  by  the  uniform  motion  being 
represented  by  x. 

If  those  ancients,  such  as  Archimedes,  who  understood  varying 
quantities,  had  subjoined  the  rate  of  variation,  they  would  have 
taught  us  fluxions  ;  but  perhaps  they  had  not  a  proper  notation. 

In  your  33d  number  the  reader  may  insert  &c.  after  great, 
p.  179,  1.  2  ;  reduced  for  referred,  p.  179,  1.  33  ;  .r  being  —  1, 
p.  ISO,  1.  30,  after  coefficients;  rigour  for  vigour,  p.  181,  1.4; 
letter  for  latter,  p.  182,  1.  7  »  and  he  may  efface  the  words  between 
the  first  rate  and  of,  p.  182,  1.  41. 

I  am,  my  dear  Sir,  yours  faithfully 

Alex.  Christison. 


Article  VIII. 


Letter  from  IVm.  Henry,  M.  D.  F.R.S.  correcting  some  defective 
Statements  in  different  Histories  of  the  Introduction  of  Bleaching 
ly  Oxymuriatic  Acid. 

(To  Dr.  Thomson.) 

DEAR  SIR,  Manchester,  Oct.  1815. 

The  fourth   volume  of  Mr.  Parkes's  useful  work,  lately  pub- 
lished, contains  an  account  of  the  introduction  of  the  mode  of 
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bleaching  by  oxymuriatic  acid  into  this  country,  which,  though 
correct  in  the  main,  is  not  altogether  so.  It  resembles,  indeed,  so 
closely,  in  several  respects,  a  statement  published  some  years  ago 
in  Dr.  Rees's  Cyclopaedia,  that  it  is  probable  the  historical  informa- 
tion of  both  was  derived  from  the  same  source.  You  will,  there- 
fore, oblige  me,  if  you  consider  the  subject  of  sufficient  importance, 
by  admitting  into  your  Journal  the  substance  of  a  representation, 
which  I  addressed  several  years  ago,  to  the  Rev.  Dr.  Rees,  in 
behalf  of  the  claims  of  a  person  in  whose  reputation  I  may  natu- 
rally be  supposed  to  feel  some  interest.*  But,  independently  of 
this  interest,  it  does  appear  to  me,  that  the  public  ought  to  be  set 
right  respecting  the  real  history  of  this  invention.  The  credit 
which  a  man  of  science  derives  from  contributing  to  the  improve- 
ment of  the  useful  arts,  is  often  (as  in  this  case)  the  only  reward  he 
receives ;  and  it  is  the  duty  of  the  historian  of  those  arts,  first  to 
make  himself  thoroughly  master  of  the  facts,  and  then  to  detail 
them  with  fairness  and  impartiality. 

I  have  chosen  this  time  for  bringing  the  matter  before  the  public, 
because,  all  the  parlies  concerned  are  still  living,  some  of  them  at 
a  very  advanced  age,  and  may  readily  be  called  upon  for  farther 
eyidencCj  if  it  should  be  thought  necessary. 

I  am,  dear  Sir,  yours  very  truly, 

Wm.  Henry. 

(To  the  Rev,  A.  Rees,  D.D.  F.R.S.  &c.) 

REV.  SIR,  Dec.  1809. 

Observing  that  the  early  volumes  of  your  Cyclopaedia  are  about 
to  be  reprinted,  I  am  induced  to  fulfil  an  intention,  which  I  have 
long  entertained,  of  addressing  a  iew  lines  to  you  respecting  the 
article  Bleaching,  published  in  vol.  iv.  part  2,  1st  edition.  The 
writer  of  that  article,  in  assigning  to  different  persons  their  shares 
of  merit,  in  the  introduction  of  the  mode  of  bleaching  by  oxy- 
muriatic acid  and  its  compounds,  has  made  a  distribution,  which 
is  very  far  from  being  an  etjuitable  one. 

Of  the  part  which  was  taken  by  Mr.  Watt  of  Birmingham,  in 
the  application  of  Berthollet's  important  discovery,  far  too  little  is 
said  ;  and  of  Mr.  Henry's  share  in  the  improvement  not  the  small- 
est notice  is  taken,  though  it  could  not  fail  to  be  known  to  the 
writer  of  the  article,  who,  at  that  period,  was  himself  engaged  in 
this  town  in  pursuit  of  the  same  object,  and  was  in  habits  of  occa- 
sionally communicating  with  Mr.  Henry  on  the  subject.  The 
truth  is,  that  next  to  Mr.  Watt,  Mr.  Henry  was  at  least  equally 
early  with  any  other  person  in  applying  the  discovery  to  practice. 
In  proof  of  this  I  might  appeal  to  the  general  notoriety  of  the  fact 
in  this  town  and  neighbourhood  :  but  I  depend  chiefly  for  its  esta- 
blishment, on  a  number  of  letters  from  Mr.  Watt  to  Mr.  Henry, 
written  in  the  year  I788,  which  are  now  before  me.     They  form 

*  The  person  alluded  to  is  Mr,  Tliomas  Henry,  F.R.S,,  President  of  lie 
Literary  and  Philosophical  Society  of  Manchester. 
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part  of  a  series,  in  which  each  of  those  gentlemen  disclosed,  un- 
reservedly to  the  other,  the  progress  of  his  experiments  in  this  new 
art.  In  a  letter  dated  Feb.  23,  I788,  Mr.  Watt  states,  that  at 
that  very  time,  1500  yards  of  linen  were  bleaching  by  the  new  pro- 
cess under  his  directions ;  and  he  desires  that  tije  circumstance  may 
be  stated  to  a  meeting  of  the  manufacturers  and  merchants  of 
Manchester,  then  called  by  public  advertisement,  '  to  consider  of  a 
petition  presented  to  Parliament  by  M.  M.  BourboUon  de  Bonnueil 
and  Co  ,  concerning  a  liquid  which  whitens  linen  and  cotton  in  a 
shorter  time  than  the  old  method,  and  without  the  inconveniences 
and  losses  to  which  that  method  is  liable.* 

At  this  meeting  half  a  piece  of  calico  was  produced,  which  had 
been  bleached  immediately  before  by  Messrs.  Cooper,  Baker,  and 
Charles  Taylor,  by  the  new  method ;  and  at  the  same  meeting, 
Mr.  Henry  produced,  not  indeed  half  a  piece,  but  half  a  yard  of 
calico,  which  he  had  just  bleached  by  the  oxymuriatic  acid.  What 
was  wanting,  however,  in  quantity,  was  made  up  by  the  quality  of 
the  work  ;  and  the  smaller  specimen  was  declared  to  be  superior  in 
whiteness  to  the  larger  one.  It  was  this  superiority  that  gave  occa- 
sion to  an  application  from  one  of  the  bleachers  present  (M.  Ridg- 
way  of  Harwich)  to  Mr.  Henry,  to  be  instructed  in  the  new  pro- 
eess.  And  the  instructions  which  he  accordingly  received,  were 
the  first  step  of  a  series  of  improvements  carried  on  by  Mr.  R.  and 
his  son,  with  an  ability  and  spirit  of  enterprise,  which  have  raised 
their  establishment  to  its  present  great  extent  and  importance, 
Mr.  Henry,  also,  besides  instructing  other  persons,  himself  esta- 
blished a  bleaching  concern,  which  was  afterwards  abandoned, 
from  no  defect,  however,  of  the  processes  carried  on,  but  in  con- 
sequeoee  of  the  dishonourable  conduct  of  a  partner,  and  of  the 
occupation  of  his  own  time  in  the  practice  of  medicine. 

The  event  of  the  public  meeting  was,  that  in  consequence  of  the 
facts  stated  in  Mr.  Watt's  letter,  and  of  the  testimony  of  Mr. 
Cooper  (now  of  Carlisle  College,  America)  and  Mr.  Henry,  who 
were  present,  the  members  for  the  county  were  instructed  to  oppose 
the  petition  when  presented  to  Parliament;  and  its  prayer  was  ac- 
cordingly refused.  +     Having  failed  in  this  object,  the  next  attempt 

♦  In  this  letter,  Mr.  Watt  says  "  I  have,  for  more  than  n  hvelvemonth,  heen  in 
possessien  and  practice  of  a  method  of  preparing  a  '.iquor  from  common  salt, 
which  possesses  bleaching  qualities  in  an  eminent  dc;;ree  ;  but,  not  being  the 
inventor,  I  have  not  attempted  to  get  a  patent  or  exclusive  privilege  for  it.  And 
I  have  great  reason  to  believe  that  the  process  of  these  gentlenun  (Bourboilon 
and  Co.)  is  the  very  same  that  I  practise,  and  that  Ihey  have  learnt  it  from  the 
same  source,  the  inventor  being  an  eminent  chemist  and  philosopher  at  Paris." 
It  is  evident,  therefore,  that  all  claims  for  priority,  that  have  been  hitherto  ad- 
vanced in  this  country,  must  yield  to  that  of  Mr.  Watt,  whose  actual  employ, 
meiit  of  the  oxymuriatic  acid  in  bleaching  dates  from  the  beginning  of  the  year 
1787. 

i  This  was  the  true  r<*ason  of  the  rejection  of  the  petition,  and  not,  as  Mr, 
Parkcs  Klatcs,  (Essays,  iv.  Ci),  the  opposition  of  a  gentleman,  who  happened  to 
be  in  tiie  gallery  of  the  Hou>-e  of  Commons  when  the  petition  was  brought  for- 
ward.   Mr.  Watt,  also,  (who  in  making  these  eflforts  had  no  view  whatever  to  his 
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of  De  Bonnueil  and  Co.  was  to  obtain  a  patent.  But  here  again 
they  met  with  effectual  opposition,  no  unavailing  part  of  which 
consisted  in  an  instrument,  presented  in  due  legal  form  by  Mr. 
Henry  individually,  against  the  claim  of  the  petitioners.  This 
document,  dated  July  2,  IJSS,  is  now  before  me.  It  contains  an 
account  of  the  processes  then  actually  practised  by  Mr.  Henry,  and 
comprehends  every  thing  at  this  day  known  respecting  tlie  use  of 
the  oxymuriatic  acid  in  bleaching,  with  the  exception  of  the  appli- 
cation of  lime  to  the  condensation  of  the  gas.  This  application  of 
lime  was  afterwards  made  by  Mr.  Henry,  in  a  way  which  adapted 
it  only  to  white  goods.  But,  in  consequence  of  a  happy  invention 
of  Mr.  Tennant  of  Glasgow,  which  may  be  considered  as  the  last 
step  in  the  improvement  of  the  art,  the  use  of  oxymuriate  of  lime 
was  extended,  in  the  year  1798,  to  fabrics  of  the  most  delicate 
colours,  and  rendered  more  practicable  and  advantageous  io  the 
bleaching  of  white  goods. 

After  this  statement,  I  appeal  to  you,  Sir,  whether  the  history 
of  the  art  of  bleaching,  contained  in  your  Cyclopaedia,  written  by 
one  who  was  perfectly  well  acquainted  with  the  facts  which  I  have 
alleged,  can  be  considered  as  any  thing  but  exceedingly  unfair  and 
partial.  And  1  claim  from  your  known  candour  and  love  of  justice, 
that  the  person  in  whose  behalf  I  stand  forward,  siiall  receive  in 
the  sul)sequent  editions  of  your  work,  a  fair  share  of  credit  for  his 
prompt  and  active  zeal  in  furthering  a  most  important  invention, 
and  in  defeating  the  purposes  of  those  who  aimed  at  rendering  it  an 
injurious  monopoly. 

I  am,  Rev.  Sir,  with  great  respect  and  regard. 

Your  obedient  Servant, 

William  Hunkx. 


Article   IX. 

On   the   Conversion  of  Starch  into  Sugar. 
By  M.  Theodore  de  Saussure.* 

The  process,  which  Mr.  Kirchof  (Adjunct  of  the  Academy  of 
Sciences  in  Petersbugh)  has  discovered,  of  converting  starch  into 
sugar  by  long  boiling  in  very  diluted  Sulphuric  acid,  has  been  fre- 
quently repeated  by  chemists,  and  has  been  enriched  by  several 

own  priyate  advantage.)  was  in  other  respects  a  powerful  auxiliary  in  preveut- 
ing  the  monopoly  of  Jlie  foreigners.  In  another  letter  to  Mr.  Henry,  dated 
June  8,  178S,  he  says,"  "Through  the  help  of  my  friends,  such  parliamentary 
interest  nas  made,  as  must  in  some  degree  have  contributed  to  defeat  the  plagiary 
rjourbollou,  whose  sole  pretensions  are  founded  on  his  impregnating  caustic 
.ilkalips  with  ilie  gas,  a  process  previously  discovered  and  publicly  mentioned  by 
Berthollet,  but  laid  aside,  as  it  destroys  lialf  the  efficacy  of  the  acid. 

*  Translated  from  Gilbert's  Annalen,  vol.  slix.  p.  I'i9.  Feb.  ISlo.  Thepapef 
appeared  originally  in  the  Bibliotheque  Britanr.ique  for  1814. 
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important  remarks.  But  hitherto  nobody  has  explained  what  alte- 
rations in  its  composition  the  starch  undergoes  in  this  process, 
though  this  would  throw  considerable  light  upon  vegetation,  and 
MXHild  elucidate  the  change  of  starch  into  sugar  in  the  buds  of 
plants.  Professor  tie  la  Rive  of  Geneva,  in  a  paper  published  in 
the  49th  volume  of  the  Bibliotheque  Britannique,  has  shown  that 
in  KirchofF's  process  no  gas  is  evolved,  that  the  alteration  of 
tlie  starch  goes  on  in  close  vessels  without  the  access  of  air, 
and  that  the  sulphuric  acid  is  neither  decomposed  nor  united 
to  the  starch  as  a  constituent.  M.  Vogel  in  Paris  has  made 
the  same  observations,  and  has  likewise  found  that  long  boil- 
ing in  pure  water  does  not  convert  the  starch  into  sugar.  Hence 
he  concludes,  conformably  to  the  well  known  action  of  sulphuric 
acid,  that  even  in  this  case  it  acts  by  uniting  together  a  portion  of  the 
oxygen  and  hydrogen  of  the  starch  and  converting  them  into  water. 

In  order  to  elucidate  these  points,  I  have  endeavoured  to  deter- 
mine whether  the  sugar  formed  from  starch  by  this  action  of  sul- 
phuric acid  has  a  smaller  weight  than  the  starch  fiom  which  it  was 
formed.  For  this  purpose  I  put  into  a  silver  vessel  400  grammes  of 
distilled  water.  I  then  mixed  it  with  24  grammes  of  sulphuric 
acid,  made  it  boil  moderately  on  a  charcoal  fire,  and  put  into  it  in 
different  portions  100  grammes  of  starch,  previously  mixed  with 
200  grammes  of  water.  During  this  addition  the  liquid  was  con- 
stantly stirred  with  a  spatula,  to  prevent  the  starch  from  being 
burnt  or  becoming  brown,  which  would  have  diminished  its  weight 
and  rendered  the  results  doubtful.  In  half  an  hour  the  mixture 
was  brought  from  the  state  of  dough  to  a  complete  solution.*  I 
now  put  it  into  a  capsule  with  a  long  neck,  v.ashed  with  200 
grammes  of  water,  the  clammy  matter  left  by  the  starch  on  the 
silver  vessel,  dissolved  it,  put  the  whole  into  the  capsule,  and  kept 
it  for  42  hours  over  an  Argand's  lamp  in  a  heat  never  exceeding 
190°.  I  now  weighed  the  solution,  filtered  it,  and  weighed  like- 
wise the  white  dough  which  remained  behind  upon  the  filter,  and 
whicli  may  be  considered  as  a  portion  of  starch,  whicii  from  the 
adhesion  of  its  parts  escaped  the  action  of  the  sulphuric  acid. 
This  dough  being  repeatedly  washed  and  dried  in  the  open  air, 
weighed  4  grammes,  and  when  examined  by  means  of  water,  acids, 
and  alkalies,  exhibited  all  the  properties  of  starch.  We  must 
therefore  subtract  these  4  from  the  100  grammes  of  starch  em- 
ployed in  the  experiment.     Upon  the  filter,  and  in  this  starch- 

♦  If  it  be  allowed  to  cool  at  tliis  time  it  becomes  again  partly  thick,  and  nhen 
filtered  leaves  upon  the  filter  a  considerable  quantity  of  starch  still  unaltered, 
while  the  solution  passes  readily  and  quite  clear,  through  the  paper.  When  this 
solution  rs  concentrated  and  mixed  with  alcohol,  there  falls  duivu  a  transparent 
dry  colourless  matter,  not  altered  by  exposure  to  the  air;  which,  from  its  solu- 
bility in  water,  insolubility  in  alcohol,  anil  its  clamminess  when  dissolved  in  a 
little  water,  is  similar  to  gum.  Barytes  water,  when  poured  into  the  solution, 
occasions  no  precipitate,  as  barytes  and  sniphuric  acid  form  a  triple  compound 
witli  gummy  jjodies,  which  is  usually  soluble  in  water.  Is  this  cnrnmy  body  simi- 
Uir  in  all  its  properties  or  not,  to  the  browiiish  body  obtained  by  roasting  starch  } 


426  Conversion  of  Starch  into  Sugar.  [Dnc. 

dough  before  It  was  washed,  there  remained  -^th  of  the  fihered 
liquid.  Therefore  when  I  give  the  result  here  1  increase  the  last 
by  one  ninth. 

I  poured  barytes  water  into  the  filtered  liquid  as  long  as  any  pre- 
cipitate fell.  This  precipitate,  after  being  heated  to  redness, 
weighed  6*7  grammes,  and  was  sulphate  of  barytes.  A  small 
quantity  of  it  passed  through  the  filter,  and  was  afterwards  found 
in  the  ashes  of  the  starch  sugar.  Now  this  sulphate  of  barytes 
,  contains  all  the  sulphuric  acid  which  was  employed  in  experiment. 

The  solution  thus  freed  from  sulphuric  acid  was  reduced  to  the 
consistency  of  a  thick  syrup,  and  then  left  in  a  state  of  repose.  It 
furnished  a  yellowish  sugar,  which,  after  long  exposure  to  the  open 
air  in  a  temperature  of  52°,  and  while  the  hair  hygrometer  stood  at 
75°,  weighed  9689  grammes.  Such  was  the  quantity  of  sugar 
obtained  from  96  grammes  of  starch.  So  that  100  grammes  starch 
■will  yield  iOO-93  grammes  of  sugar,  supposing  both  dried  at  the 
temperature  of  the  atmosphere ;  but  this  result  must  be  brought  to 
the  temperature  of  boiling  water  before  we  can  put  much  confi- 
dence in  it. 

100  grammes  of  the  starch  with  which  these  experiments  were 
made,  being  exposed  for  six  hours  to  a  heat  of  212°,  lost  13*4 
gi'ammes  of  water  ;  and  when  burnt  left  0'16  of  ashes. 

On  the  other  hand  100  grammes  of  solid  starch  sugar  treated  in 
the  same  way,  lost  4*93  of  water,  and  left  0*7o  of  ashes,  most  of 
which  was  sulphate  of  barytes  that  had  passed  through  the  filter. 

If  according  to  these  results  we  reduce  the  starch  and  its  sugar  to 
a  boiling  heat,  and  subtract  from  them  the  ashes,  we  find  that  100 
parts  of  starch  will  form  1 10*14  parts  of  sugar. 

This  sugar,  when  dissolved  in  half  its  weight  of  water,  formed  a 
syrup,  which  might  be  mixed  with  alcohol  of  3G°of  Baume's  areo- 
meter in  any  proportion,  without  the  precipitation  of  any  gum. 
Hence  gum  does  not  constitute  a  portion  of  starch  sugar,  as  some 
have  believed,  except  when  the  process  has  not  been  continued 
long  enough,  or  when  the  starch  itself  has  been  scorched,  in 
which  case  the  starch  sugar  will  be  lighter  than  the  starch  from 
which  it  was  obtained. 

As  starch  boiled  in  water  with  sulphuric  acid,  and  thereby 
changed  into  sugar,  increases  in  weight  without  uniting  with  any 
sulphuric  acid  or  gas,  or  without  forming  any  gas,  we  are  under  the 
necessity  of  ascribing  the  change  solely  to  the  fixation  of  water. 
Hence  we  must  conclude,  that  starch  sugar  is  nothing  else  than  a 
combination  of  starch  with  water  in  a  solid  state. 

The  sulphuric  acid  and  other  acids  appear  to  act  no  other  part 
in  the  process,  than  to  promote  the  fluidity  of  the  aqueous  solu- 
tion of  the  starch,  and  thereby  facilitate  its  combination  with 
water.* 

»  The  attempts  of  Kirchof  and  others,  to  convert  flour  or  potatoes  directly 
ioto  sugar  by  this  process  have  entirely  failed.  -Gilbert. 
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This  explanation  of  the  change  of  starch  into  sugar  will  be  fully 
confirmed  by  my 

Analysis  of  Starch  and  Starch  Sugar. 

I  burnt  57  milligrammes  of  starch,  which  Inid  been  dried  in  the 
mean  temperature  of  the  atmosphere,  in  oxygen  gas.  This  com- 
bustion consumed  40*31  cubic  centimetres  of  oxygen  gas,  and 
there  were  formed  43 "83  cubic  centimetres  of  carbonic  acid  gas 
and  0*13  cubic  centimetre  of  azotic  gas.* 

In  another  experiment,  48  milligrammes  of  starch  dried  in  the 
same  way  consumed  33*99  cubic  centimetres  of  oxygen  gas,  and 
produced  34*80  cubic  centimetres  of  carbonic  acid  gas  and  0-16  of 
azotic  gas. 

If  we  take  the  mean  of  these  two  experiments,  we  find  that  100 
parts  of  starch  dried  at  the  temperature  of  boiling  water,  and  ab- 
stracting the  ash  which  they  contain,  are  composed  as  follows : 

Carbon 45*39"! 

Oxygen 48*31  i       C  Water 50*48 

Hydrogen  . .     5*90  j       ^Oxygen  in  excess  ....     3*76 
Azote 0*40  J 

100-00 

On  the  other  hand,  53  milligrammes  of  starch  sugar  prepared  as 
above  described,  and  dried  at  the  temperature  of  52°,  consumed 
when  burnt  34'59  cubic  centimetres  of  oxygen  gas,  and  there  were 
produced  36.07  cubic  centimetres  of  carbonic  acid  gas. 

In  a  second  experiment,  63  milligrammes  of  starch  sugar  con- 
sumed 37*755  cubic  centimetres  of  oxygen  gas,  and  produced 
39-584  cubic  centimetres  of  carbonic  acid  gas. 

The  mean  of  these  two  experiments  gives  the  composition  of 
starch  sugar,  abstracting  the  ash,  as  follows  : 

ofTn  "  * '  SS-Slor  /^ater    58*44 

Hydfogen  '. '     6*84  J  ^'  ^  ^''y^en  in  excess  ....     4*26 

100-00 

When  we  compare  together  these  analyses  of  starch  and 
starch  sugar  with  each  other,  we  find  that  they  give  us  the  same 
result  as  the  synthetical  experiments,  namely,  that  the  only  differ- 
ence between  the  sugar  and  the  starch,  is  that  the  former  contains 
a  greater  proportion  of  water  as  a  constituent  than  the  latter.  But 
in  the  quantity  of  this  water  the  two  methods  of  experimenting 
differ  from  each  other.  When  100  parts  of  starch,  dried  at  the 
temperature  of  boiling  water,  were  changed  into  sugar,  they  ap- 

•  Tlip  azote  did  not  appear  as  a  gas,  but  as  a  constituent  of  subcarbofiate  of 
ammonia.     But  I  bavc  here  stated  its  amount,  supposing  it  in  (he  gaseous  slate, 
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peared  to  have  combined  with  1 0  parts  of  water ;  while  analysis 
gives  20  parts  more  water  in  the  starch  sugar  than  in  the  starch. 
It  is  obvious,  however,  that  the  proportion  of  water  obtained  by  the 
first  method  must  be  too  small,  as  in  a  process  of  that  kind  it  is 
very  difficult  to  avoid  all  loss,  besides  that  which  is  occasioned  by  a 
commencement  of  roasting. 

Analysis  oj  the  Sugar  of  Grapes. 

I  obtained  the  sugar,  with  which  the  following  experiments  were 
made,  from  Mr.  Pautex,  by  whose  labours  the  manufacture  of 
sugar  of  grapes  has  been  greatly  improved. 

100  parts  of  sugar  of  grapes,  dried  at  the  temperature  of  53*5°, 
and  when  the  hygrometer  stood  at  75°,  when  exposed  to  the  heat 
of  boiling  water,  lost  3*14  parts  of  water  j  and  when  burnt  left  a 
residuum  weighing  05 13  parts. 

0*53  centigrammes  of  the  same  sugar,  dried  at  53'5°,  when 
burnt,  consumed,  according  to  the  mean  of  two  experiments, 
34*21  cubic  centimetres  of  oxygen  gas,  and  formed  3G*17  cubic 
centimetres  of  carbonic  acid  gas.  Hence  100  parts  of  sugar  of 
grapes,  dried  at  the  temperature  of  boiling  water,  are  composed 
as  follows : 

g^'-^°" IP^W       rVVater 58 

HydSgea  '.  \     (i'lsj       ^  ^^^S^"  ^"  ^''^''' 5-29 

100-00 

The  result  of  this  analj'sis  of  sugar  of  grapes  does  not  differ 
farther  from  that  of  starch  sugar,  than  is  usual  in  two  different  ex- 
periments upon  the  combustion  of  the  same  body.  These  two 
sugars  likewise  approach  so  near  each  other  in  all  their  other  pro- 
perties, as  to  render  it  probable  that  they  constitute  only  one  species. 
They  both  melt  at  the  temperature  of  boiling  water;  they  have 
both  the  same  sweet  and  fresh  taste ;  they  both  undergo  the  vinous 
fermentation  ;  they  both  crystallize  confusedly  in  spherical  crystals ; 
they  are  both  equally  soluble  in  water  and  in  weak  alcohol ;  and  all 
the  differences  which  exist  between  them  are  analogous  to  those 
which  we  frequently  tind  between  sugar  of  grapes  from  two  differ- 
ent varieties  of  grapes. 

Sugar  from  the  cane  and  from  beet  differs  much  from  these  two, 
and  from  all  other  sugars,  by  containing  a  greater  proportion  of 
carbon.  According  to  the  analysis  of  Gay-Lussac  and  Thenard, 
100  parts  of  the  sugar  of  the  sugar-cane  contain  between  42  and 
43  parts  of  carbon,  and  the  oxygen  and  hydrogen  are  so  graduated 
as  to  form  water  without  any  residue.  I  have  obtained  the  same 
result,  except  a  small  excess  of  oxygen  above  the  elementary 
water,  which  might  very  well  be  owing  to  an  error  in  my  expe- 
riment. 
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Method  of  conducting  my  Experiment. 

In  the  preceding  analyses  I  made  use  of  the  following  method, 
which  1  employ  in  the  analysis  of  gummy  and  woody  bodies  that 
contain  very  little  or  no  azotic  gas.  I  reduce  the  vegetable  body  to 
as  fine  a  powder  as  possible,  mix  it  with  50  times  its  weight  of 
silicious  sand,  and  put  it  into  a  glass  tube  bent  in  the  middle  at  a 
right  angle,  close  at  one  end,  and  furnished  at  the  other  with  an 
iron  stop  cock.  This  tube  is  about  a  metre  (39'37  inches)  in 
length,  and  its  width  is  such,  that  it  is  capable  of  containing  rather 
more  than  200  cubic  centimetres  (12*2  cubic  inches)  of  gas.  I 
weigh  the  vegetable  substance  by  the  way  of  substitution,  in  the 
tube  itself,  by  means  of  a  balance,  which,  when  loaded,  turns  by 
the  addition  of  one  milligramme  (0'015  gr.)  The  air  is  then  ex- 
tracted from  this  tube  by  means  of  the  air  pump;  it  is  filled  with 
oxygen  gas,  the  stop  cock  is  shut,  and  all  its  joints  are  covered 
over  with  mastioh,  or  it  is  surrounded  by  a  column  of  mercury 
during  the  burning  oF  the  vegetable  matter,  in  order  to  be  certain 
that  no  gas  makes  its  escape  while  it  is  expanded  by  heat ;  for-  tlie 
stop  cock,  which  incloses  a  portion  of  gas,  is  not  always  able  to 
withstand  the  compression  or  dilatation  which  takes  place  within, 
which  frequently  acts  as  a  kind  of  valve. 

The  stop  cock  being  thus  secured,  I  heat  that  part  of  the  tube 
with  which  the  vegetable  body  is  in  contact,  to  an  obscure  red; 
and  for  this  purpose  I  employ  a  spirit  lamp,  which  gives  a  flame  at 
least  one  decimetre  high  (3-1)37  inches),  and  at  least  of  such  a" 
diameter  as  to  surround  the  whole  circumference  of  the  tube. 
Liquid  and  sooty  matter  speedily  disengages  itself,  and  is  depo- 
sited in  a  neighbouring  part  of  the  tube,  which  is  kept  cool  by 
being  surrounded  with  moist  paper.  I  afterwards  heat  this  part  of 
the  tube  to  redness.  The  vegetable  matter  burns,  and  is  partly 
volatilized  and  condensed  in  another  part  of  the  tube.  This  new 
portion  is  heated  to  redness  in  its  turn.  I  go  on  in  this  manner, 
iicating  the  condensed  portion  a  great  many  times  in  succession, 
till  the  decomposition  appears  to  be  complete,  and  the  liquid  ?e- 
raaining  to  be  nothing  else  than  pure  transparent  water. 

To  measure  the  alteration  of  the  volume,  which  the  gas  has 
undergone  during  the  combustion,  I  fill  a  graduated  tube  one  deci- 
metre in  length,  and  furnished  with  an  iron  stop  cock  at  each  end, 
with  mercury  and  with  oxygen  gas,  fix  it  on  the  first  tube,  plunge 
the  end  of  it  under  mercury,  and  open  both  the  stop  cocks,  which 
establishes  a  free  communication  between  the  two  tubes,  and  ob- 
serve the  increase  or  diminution  of  gas  vvhich  has  taken  place.  To 
get  the  g:is  out  of  the  tube,  I  screw  upon  both  the  tubes  a  balloon, 
furnished  with  a  stop  cock,  and  filled  with  mercury.  The  mercury 
runs  into  the  tube,  and  the  gas  makes  its  way  into  the  balloon.  The 
quantity  of  it  is  sufficient  to  make  four  eudionietrical  experiments 
on  its  nature. 

In  order  to  determine  whctlicr  the  vegetable  substance  subicct<^d 
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to  combustion  contained  azote,  I  wash  with  30  grammes  of  water 
the  large  tube  and  the  mercury  with  which  it  was  filled,  in  order  to 
drive  out  the  gas,  and  separate  this  water  from  the  mercury,  by 
means  of  a  funnel  with  a  capillary  tube.  I  then  distil  this  water  at 
a  moderate  heat  over  hydrate  of  lime.  A  tube  moistened  with 
neutral  nitrate  of  mercury,  dipped  into  a  few  drops  of  the  distilled 
liquid,  occasions  a  greyish  black  precipitate,  even  when  the  quan- 
tity of  azote  in  the  vegetable  substance  analysed  does  not  exceed 
one  thousandth  part  of  the  whole. 

By  means  of  this  reagent  1  estimated  nearly  the  small  quantity 
of  ammonia  which  existed  in  the  products  of  my  analyses,  after 
having  ascertained,  by  previous  trials,  how  much  water  it  was  neces- 
sary to  add  to  a  known  mixture  of  ammonia  and  water,  to  reduce  it 
to  the  limit  of  precipitating  immediately  with  nitrate  of  mercury. 
I  found  that  when  water  has  absorbed  half  its  volume  of  ammo- 
niacal  gas,  or,  in  other  words,  when  one  gramme  of  water  has 
absorbed  00003443  gramme  of  ammonia,  55  times  its  volume  of 
pure  water  may  be  added  to  it,  without  preventing  the  precipitate 
from  immediately  appearing.  But  this  is  the  utmost  limit  of  dilu- 
tion ;  for  if  more  water  be  added,  the  precipitate  does  not  imme- 
diately appear ;  supposing  that  in  both  cases  we  operate  upon  equal 
doses  of  the  liquid ;  and  the  quantity  which  I  always  take  is  six 
grammes.*  From  this  single  datum  a  table  may  be  constructed, 
showing  the  quantity  of  ammonia  in  the  liquid,  according  to  the 
quantity  of  water  necessary  to  add  to  it,  in  order  to  bring  it  to  the 
limit  of  precipitating  with  the  nitrate  of  mercury.  We  mix  deter- 
minate quantities  of  the  liquid  and  water  together  till  we  come  to 
this  limit :  suppose,  for  example,  that  I  find  that  this  limit  takes 
place  when  I  mix  together  equal  quantities  of  the  liquid  and  water, 
the  table  in  that  case  shows  me  that  one  gramme  of  the  liquid  con- 
tains 0*0000  i  2297  gramme  of  ammonia.  From  this  quantity  of 
ammonia  I  determine  the  quantity  of  subcarbonate  of  ammonia 
formed  during  the  experiment,  and  introduce  the  constituents  of 
this  salt  into  my  calculation. 

In  these  analyses  I  only  burn  five  or  six  centigrammes  of  the 
vegetable  body.  The  error,  resulting  from  weighing,  amounts 
only,  in  consequence  of  the  accuracy  of  my  scales,  to  -jioth  of  the 
analysed  body. '  I  endeavour  to  remove  this  error  by  repeating  the 
analysis  several  times,  and  only  taking  the  results  when  they  are 
sufficiently  accordant. 

The  uncertainties  attending  the  eudiometrical  processes  are 
much  more  considerable.  By  means  of  them  alone  can  the  im- 
portant question  be  answered,  whether  in  saccharine,  gummy, 
resinous,  and  starchy  bodies  the  oxygen  and  hydrogen  exist  in  the 

♦  The  reagent  consists  of  6^  parts  of  crystallized  nitrate  of  mercury,  dissolved 
in  100  parts  of  cold  water.  All  the  results  which  I  give  are  founded  on  such  a 
state  of  the  solution.  But  as  it  is  probable  that  others  may  not  prepare  it  in 
exactly  the  same  manner  as  I  do,  it  will  be  necessary  for  every  one  to  determine 
thedata  respecting  the  solution  of  nitrate  of  inkercury  for  himself. 
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exact  proportion  necessary  to  constitute  water.  The  quantity  of 
oxygen  above  tl)is  proportion,  which  I  found  in  my  analyses,  does 
not  appear  to  be  sufficiently  great  to  destroy  the  law  established  by 
Gay-Lussac  and  Thenard,  that  a  vegetable  body  is  acid  when  it  con- 
tains an  excess  of  oxygen  above  what  is  necessary  to  constitute 
water,  since  it  may  be  ascribed  to  errors  in  my  experiments,  or  in 
my  method.  But  some  other  of  my  analyses  have  given  so  great 
an  excess  of  oxygen,  that  it  cannot  be  ascribed  to  errors  in  the 
experiment.  Thus,  for  example,  the  analysis  of  gum  arable, 
which  I  repeated  five  times,  with  very  little  difference  in  the  re- 
sults, gives  its  composition  as  follows :  100  parts  of  'gum  arabic, 
dried  at  the  temperature  of  boiling  water,  and  abstracting  the  ash, 
are  composed  of 

Carbon 45*84  ^ 

Oxvgen  ....  48-26  (        f  Water 46-67 

Hydrogen  . .     5-46  (       \ Oxygen  in  excess 7-05 

Azote 0-44 ) 

100-00 

Gum  tragacanth  gave  me  very  nearly  the  same  result ;  and  sugar 
of  milk  contains  five  or  six  per  cent,  of  oxygen  above  what  is 
necessary  to  constitute  water,  and  39  or  40  per  cent,  of  carbon, 
which  is  nearly  the  quantity  given  by  Gay-Lussac  and  Tiienard. 

On  the  other  hand,  I  have  found  vegetable  bodies  neither  of  a 
resinous,  oily,  nor  alcoholic  nature,  which  yet  contained  no  excess 
of  hydrogen  above  what  was  necessary  to  constitute  water.  To 
such  belong  purified  sugar  of  manna,  precipitated  from  boiling 
alcohol,  100  parts  of  which,  dried  at  the  teiiiperature  of  boiling 
water,  contain 

Carbon 47-82  ^ 

Oxvgen....  45-80/    ^^^j^j. .^.g^ 

Hydrogen  . .     6-06  f 
Azote' 0-32) 

100-00 

The  alterations  in  the  laws  respecting  tlie  combination  of  the 
•onstituents  of  vegetable  bodies  resulting  from  my  experiments  are 
not  remarkable.  We  see  that  all  gummy,  saccharine,  and  starchy 
vegetable  bodies  consist,  in  fact,  of  little  else  than  carbon  united 
to  a  portion  of  water  reduced  to  its  elements.  However,  the  ex- 
cess of  the  oxygen  or  hydrogen  in  these  bodies,  above  what  is 
requisite  to  constitpte  water,  must  be  greater  than  is  indicated  by 
ray  analyses.  Because  the  boiling  heat  of  water,  at  which  the 
vegetable  bodies  were  dried,  is  not  sufficient  to  dry  them  com- 
pletely, and  to  remove  all  the  water  retained  by  capillary  attrac- 
tion :  this  adventitious  water  figures  in  the  analyses  as  so  much 
elementary  water,  and  renders  the  quantity  of  it  found  in  the  sub- 
stance too  great,  wlicn  compared  with  the  otiier  constituents. 
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Article  X. 

Answer  to  Mr.  Prevost's  Qtieries  respecting  the  Explanation  of 
Mr.  B.  Prevost's  Experiments  on  Dew.  By  Wm.  Chailes  Wells;, 
M.D.   F.R.S. 

(To  Dr.  Thomson.) 

SIR, 

Having  seen  in  the  last  number  of  your  Journal  an  Indirect 
application  to  me  by  the  acute  and  learned  Mr.  Prevost,  of  Geneva, 
I  request  permission  to  inform  that  Gentleman,  through  the  same 
channel,  that  the  explanation  which  he  has  given,  in  his  work  on 
Radiant  Heat,  of  Mr.  Benedict  Prevost's  observations  on  dew,  is 
regarded  by  me  as  being  neither  referrible  to  the  wliole  of  them,  nor 
altogether  satisfactory  with  respect  even  to  those  to  which  it  applies. 

In  the  first  place,  lie  takes  no  notice  whatever  of  a  whole  class  of 
Mr.  B.  Prevost's  observations  ;  those,  namely,  which  relate  to  what 
happened,  when  glass  vessels  partly  filled  with  various  substances 
were  exposed  by  him  to  the  itifluence  of  the  causes  of  dew.  In 
these  experiments  the  lower  parts  of  the  vessels  remained  dry, 
though  other  parts  of  them,  which  were  above  the  level  of  the  con- 
tained substances,  were  covered  with  dew.  The  author  adds,  that 
the  distance  between  the  upper  surface  of  the  contained  substance, 
and  the  part  of  the  vessel  at  which  dew  began  to  appear,  varied 
according  to  the  nature  of  the  substance ;  it  being  greater,  for 
example,  in  a  vessel  containing  mercury,  than  in  another  of  the 
same  size  containing  water. 

In  the  second  place,  Mr.  Prevost,  of  Geneva,  suppeses  dew  to 
form  in  circumstances,  ia  which,  I  venture  to  say,  it  cannot  occur. 
If  a  thin  plate  of  a  bright  metal  be  fastened  to  a  pane  of  glass  in  a 
window  of  a  room,  the  air  in  which  is  warmer  than  that  without, 
dew,  according  to  his  representation,  will  be  deposited  on  the  out- 
side of  this  piece  of  glass,  as  the  metal  covering  its  inside  is  a 
screen  against  the  heat,  which  is  radiated  towards  it  by  the  walls  and 
contents  of  the  warm  chamber.  Now  it  is  manifest,  that  the  utmost 
effect  which  can  be  produced  in  this  way  will  not  occasion  the  out- 
side of  the  glass  to  be  as  cold  as  the  external  atmosphere  ;  for  the 
metal  will  admit  into  itself  some  part,  however  small,  of  the  heat 
which  is  radiated  to  it,  and  will  communicate  this  to  the  glass,  alonir 
with  that  which  it  acquires  at  the  same  time,  by  conduction,  from 
the  contiguous  warm  air.  But,  if  the  outside  of  the  glass  be  warmer 
than  the  air,  dew  will  not  form  upon  it  ;  since,  according  to  my 
experience,  bodies  will  not  receive  dew  unless  they  be  colder  than 
the  air. 

I  think,  Sir,  that  I  need  say  nothing  more  in  justification  of  the 
intention,  which  1  formerly  entertained,  of  offering  an  explanation 
of  Mr.  B.  Prev9st's  observations  on  dew,  though  one  had  already 
been  given  of  a  part  of  them  by  Mr.  Prevost,  o£  Geneva.     Muck 
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of  what  has  been  written  by  tliis  Gentleman  upon  them  seems  to 
me  entirely  just.  But  it  is  nevertheless  my  opinion,  that  he  could 
not  possibly  have  explained  them  completely,  so  long  as  he  was 
ignorant  that  bodies  become  colder  than  the  air  before  they  are 
dewed  ;  a  fact,  I  believe,  first  known  to  myself,  and  not  published 
by  me  until  several  years  after  the  appearance  of  his  book  upon . 
Radiant  Heat. 

I  conclude  by  mentioning  very  shortly  two  other  things  relating 
to  Mr.  Prevost.  The  first  is,  that  if  he  had  seen  my  letter  to  you, 
which  was  printed  in  your  Journal  last  April,  he  would  probably 
have  collected  from  it  the  information  which  he  now  desires.  The 
second,  that  I  feel  strongly  the  commendation,  which  has  been 
bestowed  upon  my  meteorological  labours  by  a  person  of  his  high^ 
rank  in  philosophy. 

I  am.  Sir,  your  most  obedient  humble  servant, 

London,  Nov.  IS,  1815.  WlLLIAM   ChARLKS   WeLLS. 


Article   XL 


Memoir  on  Iridium  and  Osmium,  Metals  found  in  the  insolulle 
Residmim  of  crude  Platinum  treated  hy  Nitromuriatic  Acid. 
By  M.  Vauquelin.* 

FIRST   PART. 

§  I.  —  History. 

Though  what  M.  Fourcroy  and  myself  have  said  in  the  three 
memoirs  which  we  published  on  the  insoluble  residue  of  crude  pla- 
tinum treated  by  the  acids  has  explained  most  of  the  principal 
characters  of  the  metals  which  it  contains,  and  though  Mr.  Ten- 
'nant,  who  examined  it  after  us,  has  added  nothing  in  this  respect 
to  our  knowledge,  yet  by  working  upon  larger  quantities  than  we 
were  able  to  do  at  that  time,  and  by  increasing  the  number  of  ex- 
periments, I  have  been  lucky  enough  to  discover  some  new  pro- 
perties in  these  metals,  to  verify  some  conjectures  thrown  out  in  our 
memoirs,  and  in  some  cases  to  correct  mistakes  into  which  we  had 
fallen. 

1  have  been  at  great  pains  to  endeavour  to  discover  simple  pro- 
cesses for  oi)tainiiig  these  metals  in  a  state  of  purity ;  for  it  was 
because  one  of  them  had  not  been  obtained  in  that  state  that  certain 
properties  have  been  ascribed  to  it  which  belong  only  to  a  mi.\ture 
of  it  with  other  matters. 

Finally,  1  have  constated,  with  the  greatest  certainty,  the  exist- 
ence of  the  two  metals  announced  by  Mr.  Tennant,  which  Four- 
croy and  myself  had  mistaken  for  modifications  of  a  single  species. 

•  Translated  from  the  Ann.  dc  Chim,  l<.xxi.T.  150,  Eel*.  l^U. 

V«.L.  VF.  N°  VI.  2  E 


434**  On  Iridium  and  Osmium.  [Dec. 

§  II.  Analytic  Process. 

What  renders  the  analysis  of  the  black  powder  from  crude  pla- 
tinum so  complicated  and  difficult,  is  the  great  number  of  substances 
which  it  contains.  That  we  may  be  able  to  follow  the  series  of 
operations  to  which  it  is  necessary  to  subject  it,  I  think  it  necessary 
to  point  out  these  substances. 

The  black  powder  contains  chromium,  osmium,  iridium,  tita- 
nium, iron,  sand,  and  even  a  little  alumina. 

50  grammes  of  the  black  powder  well  pulverized  being  mixed 
with  100  grammes  of  nitre,  I  introduced  the  mixture  into  a  porce- 
lain retort,  to  which  I  adapt  a  tube  plunging  into  lime-water.  Tlie 
retort  is  gradually  heated,  and  the  heat  continued  till  gas  ceases  to 
be  disengaged. 

Effects. 

The  first  effect  is  the  disengagement  of  a  gas,  which  is  probably 
a  mixture  of  oxygen  and  azote ;  the  second,  a  light  yellow  preci- 
pitate in  the  lime-water  through  which  the  gas  passes  ;  the  third,  the 
formation  of  a  great  number  of  small  white  crystals  in  needles  in 
the  tube  which  conducts  the  gas  to  the  lime-water;  the  fourth,  the 
disappearance  of  the  precipitate  formed  in  the  lime-water,  and  of 
the  yellow  colour  of  that  liquid  ;  the  fifth,  the  disappearance  of  the 
crystals  contained  in  the  tube.  From  this  period,  to  that  when  gas 
ceases  to  come  over,  no  further  change  takes  place. 

§  III.  Examination  of  the  Products  of  the  preceding  Operation, 
and  Explanation  of  the  Phenomena. 

1.  The  lime-water  through  wliich  the  gas  had  passed  was  become 
acid.  It  gave  out  a  strong  smell  of  osmium  :  accordingly  nutgalls 
gave  it  immediately  an  intense  blue  colour.  This  proves  that  the 
crystals  formed  in  the  tube  at  the  commencement  of  the  operation 
were  oxide  of  osmium,  and  that  these  crystals  were  carried  to  the 
lime-water  by  the  hot  gas  which  passed  over  them  continually. 

2.  The  yellov;  colour  which  the  lime-water  assumed  at  first  was 
owing' to  its  combination  with  osmium,  which  the  nitrous  acid  that 
afterwards  came  over  destroyed. 

3.  The  water  which  I  introduced  into  the  retort  to  soften  the 
residue  assumed  a  very  deep  reddish-brown  colour.  This  liquid  had 
not  the  odour  of  osmium,  as  that  has  which  we  obtain  from  the 
residuum  of  crude  platinum  melted  with  potash.  This  might  lead 
to  the  suspicion  that  the  osmium  had  been  entirely  volatihzed, 
which,  h.ovvever,  is  not  the  ease,  as  we  shall  see  liereafter. 

4.  When  tiie  excess  of  alkali  contained  in  this  liquid  is  saturated 
with  nitric  acid,  a  green  flocky  precipitate  is  formed,  composed  of 
iridium,  titanium,  iron,  alumina,  and  sometimes  of  a  little  oxide  of 
chromium.  The  liquid  then  assumes  the  yellow  colour  of'chromate 
of  potash,  and  gives  out  a  strong  smell  of  osmium,  showing  that 
this  metal  had  been  in  combination  with  the  alkali. 
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§  IV.  Saturation  and  Distillation  of  the  Alkaline  Liquid. 

When  the  black  powder  communicates  no  longer  to  the  alkali, 
either  osmium  or  chromium,  the  alkaline  liquids  mixed  together  are 
treated  in  the  following  way  : — 

1.  The  excess  of  alkali  is  gradually  saturated  with  nitric  acid, 
taking  great  care  not  to  add  an  excess  of  acid,  least  a  portion  of  the 
precipitate  should  be  redissolved.  A  flocky  precipitate  of  a  bottle- 
green  colour  appears,  the  composition  of  which  has  been  already 
mentioned ;  and  the  liquid,  which  before  had  an  orange-red  colour, 
assumes  that  of  a  pure  yellow. 

2.  The  yellow  liquid,  being  filtered,  contains  only  chromate  of 
potash  and  oxide  of  osmium.  To  separate  them,  a  little  nitric  acid 
is  added  to  the  liquid,  to  destroy  the  combination  of  the  potash  with 
the  oxide  of  osmium.  It  is  then  distilled  till  no  more  osmium 
comes  over.  This  is  easily  ascertained,  by  separating  the  product 
from  time  to  time,  and  observing  when  it  has  no  smell.  To  collect 
the  oxide  of  osmium,  which  is  very  volatile,  it  is  necessary  to  sur- 
round the  receiver  with  ice,  or  at  least  with  cold  water  frequently 
renewed. 

The  liquid  obtained  is  colourless,  like  water,  but  easily  distin- 
guished by  the  strong  odour  which  it  exhales,  and  the  metallic  taste 
which  it  possesses. 

Sometimes  during  this  distillation  there  forms  at  the  neck  of  the 
retort,  and  even  within  the  receiver,  a  black  matter,  having  in  cer- 
tain aspects  a  coppery  lustre.  By  means  of  water  it  may  be  de- 
tached in  small  brilliant  scales.  We  shall  return  afterwards  to  this 
matter. 

§  V.  Precipitation  of  the  Osmium. 

When  we  wish  to  separate  the  osmium  from  the  water,  a  little 
muriatic  acid  is  added,  and  a  plate  of  zinc  introduced.  If  the 
quantity  of  muriatic  acid  is  considerable,  we  observe  a  blue  sub- 
stance, which  detaches  itself  from  the  surface  of  the  zinc  in  the 
form  of  clouds,  and  which,  by  dissolving  as  it  spreads  through  the 
liquid,  communicates  a  purple  tint  to  the  whole.  But  when  the 
muriatic  acid  is  diminished  to  a  certain  point,  the  liquid  assumes  a 
fine  indigo-blue  colour.  The  blue  matter  at  last  separates  from  the 
liquid  in  the  form  of  flocks,  which,  when  they  are  united  together, 
appear  black,  and  the  liquid  becomes  colourless  as  water. 

It  may  happen  that  the  quantity  of  muriatic  acid  added  is  not 
sufiicient  to  precipitate  the  whole  of  the  osmium.  This  will  be 
easily  perceived  by  the  effervescence  ceasing  before  the  liquid  has 
lost  its  colour  and  its  smell.  In  such  a  case  a  small  additional  quan- 
tity of  acid  must  be  poured  in,  to  keep  up  a  slight  effervescence, 
and  to  prevent  the  osmium  from  attaching  itself  to  the  zinc,  from 
which  it  would  be  very  difficult  to  separate  it  afterwards  by*hiecha- 
nical  means. 
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The  osmium  being  collected  at  the  bottom  of  the  vessel,  the 
liquid  must  be  carefully  drawn  off.  Water  is  repeatedly  poured 
upon  the  metal  to  wash  it  thoroughly.  It  is  even  proper  in  the 
first  washings  to  employ  water  acidulated  with  a  little  sulphuric 
acid  in  order  to  dissolve  any  particles  of  zinc  which  it  may  contain. 

Thus  washed,  the  osmium  is  pure.  It  has  only  to  be  dried  in  a 
gentle  heat,  and  then  preserved  in  close  vessels. 

^  VI.  Separation  of  the  Chromic  Acid  from,  the  Residue  from  ivhick 
the  Osmium  was  distilled. 

The  chromium  and  osmium  being  dissolved  in  ihe  same  liquid, 
but  the  one  being  fixed  and  the  other  volatile,  we  had  recourse  to 
heat  to  separate  them  from  each  other.  The  chromium  of  course 
remains  in  the  residue  combined  with  potash.  To  obtain  this  metal, 
the  liquid  is  poured  out  of  the  retort,  evaporated  to  dryness  in  a 
capsule,  redissolved  in  water,  and  filtered,  to  separate  any  silica 
which  it  may  contain. 

Then  pronitrate  of  mercury  is  poured  into  the  solution."  A  red 
precipitate  falls,  which  is  prochlorate  of  mercury.  This  precipitate 
is  washed  with  a  great  deal  of  water.  It  is  then  dried,  and  calcined 
in  a  crucible,  to  obtain  the  green  oxide  of  chromium. 

When  in  our  first  experiments  we  employed  potash  to  decompose 
the  black  powder  from  platinum,  we  were  obliged  to  recommence 
the  operation  four  or  five  times,  in  order  to  dissolve  all  the  chro- 
mium and  the  osmium.  But  when  nitrate  of  potash,  in  the  pro- 
portion of  two  parts  of  the  salt  to  one  of  the  powder,  is  employed 
tor  the  purpose,  two  operations  are  sufficient,  because  the  oxygen 
contained  in  this  salt  is  sufficient  to  oxidate  the  two  metals ;  and 
the  potash  which  becomes  free  is  capable  of  dissolving  them.  I 
therefore  recommend  nitre  instead  of  potasli  in  this  operation. 

§  VII.  Treatment  of  the  Black  Poiuder  from  which  the  Chromium 
and  Osmium  have  been  separated  lij  Muriatic  Jcid. 

After  having  well  washed  the  black  powder  from  platinum  treated 
with  nitre,  a  little  of  it  is  put  into  muriatic  acid  diluted  witli  its 
bulk  of  water.  If  this  mixture,  when  heated  a  little,  gives  out  the 
smell  of  osmium,  the  powder  must  be  treated  again  with  half  its 
•weight  of  nitre,  following  the  same  process  as  before. 

The  residue,  which  has  a  bluish-black  colour,  is  now  to  be 
digested  in  moderately  concentrated  muriatic  acid.  An  action 
immediately  takes  place,  which  is  announced  by  the  elevation  of  tlie 
temperature  of  the  mixture,  and  by  the  green  colour  which  the 
liquid  acquires. 

Sometimes  during  this  operation  the  smell  of  oxymuriatic  acid  is 
perceived,  and  a  small  quantity  of  it  seems  to  be  formed  ;  for 
having  heated  the  mixture  in  a  retort  furnished  with  a  receiver,  I 
obtained  a  liquid,  which  speedily  destroyed  the  tmcture  of  litmus. 

When  the  acid  in  excess  has  remained  for  some  days  on  the 
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black  matter,  and  appears  to  act  no  further,  it  is  decanted  off,  and 
the  residue  is  washed  with  water,  which  is  added  to  the  first  solu- 
tion. 

The  liquid,  though  diluted  with  a  great  quantity  of  water,  has  a 
green  colour,  so  deep  that  it  intercepts  the  passage  of  light,  unless 
it  be  in  a  very  thin  layer. 

If,  notwithstanding  the  precaution  indicated  above,  tliis  solution 
still  gives  out  tlie  smell  of  osmium,  it  must  be  put  into  a  retort,  and 
subjected  to  distillation.  The  osmium  will  be  obtained  in  the  water 
that  comes  over  acidulated  with  muriatic  acid.  From  this  it  is  to  be 
precipitated  by  a  plate  of  zinc  in  the  manner  described  above.  While 
this  liquid  is  kept  boiling,  in  order  to  disengage  its  osmium,  it  de- 
posites  a  great  quantity  of  matter  of  a  bottle-green  colour,  and  the 
liquid  assumes  a  very  deep  reddish-brown  colour. 

This  green  matter  is  separated  by  the  filter,  and  washed  with  a 
great  deal  of  hot  water.     I  shall  denote  it  by  the  letter  B. 

Black  powder  treated  only  once  with  two  parts  of  nitre  does  not 
dissolve  entirely  in  muriatic  acid,  however  great  a  quantity  of  it  we' 
employ.  There  remains  always  at  least  4-  under  the  form  of  a  bluish 
powder,  containing  white  brittle  metallic  grains.  This  metallic 
residue,  indeed,  may  be  dissolved  by  boiling  it  for  a  long  time  in 
very  strong  nitromuriatic  acid  :  but  the  process  is  long  and  expen- 
sive. The  labour  is  greatly  abbreviated  by  treating  it  with  its  own 
weight  of  nitre  and  heat.  Then  the  matter  oxidizing  by  means  of 
the  salt  combines  with  the  potash  set  at  liberty,  and  then  dissolves 
in  muriatic  acid,  communicating  to  it  a  fine  blue  colour. 

If  there  still  remain  some  portions  of  matter  which  refuse  to 
dissolve  in  muriatic  acid,  we  must  treat  them  again  with  nitre;  and 
this  process  must  be  repeated  till  the  whole  be  dissolved. 

§  VIII.  Examination  and  Properties  of  the  above  Muri-aiic  So- 
lutions. 

When  the  black  powder  from  platinum  is  thus  treated  alternately 
with  nitre  and  muriatic  acid,  after  having  separated  the  chromium 
and  osmium,  we  observe  that  the  first  muriatic  solution  is  of  a 
yellowish-green  colour  ;  the  second,  of  a  bluish-green  ;  the  third, 
of  a  greenish-blue;  and  all  the  subsequent  ones  blue.  We  ob- 
serve, likewise,  that  the  last  mixtures  of  the  powder  with  nitre 
communicate  to  the  water  employed  to  wash  it  a  colour  equally 
blue. 

On  examining  the  different  solutions,  I  found  that  the  first  con- 
tained a  good  deal  of  iron  and  titanium,  and  but  little  iridium.  In 
the  second  there  was  less  iron  and  titanium,  and  more  iridium.  In 
the  third,  still  less  iron,  and  very  little  titanium  ;  but  some  traces 
of  iron  were  always  to  be  observed,  even  to  the  very  last  solution. 

These  effects  are  easily  conceived,  when  we  reflect  that  the  first 
solution  ought  to  contain  all  the  iron  coming  from  the  chromate,  and 
all  the  titanium  the  union  of  which  with  that  metal  has  been  de- 
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stroyed  by  the  alkali  of  the  nitre,  while  the  last  solutions  contain 
only  the  iron  that  was  united  with  the  iridium. 

From  this  it  follows,  that  if  we  divide  into  three  equal  portions 
the  quantity  of  muriatic  acid  necessary  to  dissolve  the  black  powder, 
and  if  the  first  portion  is  sufficient  to  dissolve  all  the  iron,  the 
colour  of  the  first  solution  will  be  yellow  ;  of  the  second,  blue,  with 
a  shade  of  green;  and  of  the  third,  pure  blue  ;  supposing  that  we 
have  carefully  washed  the  residue  after  each  portion  of  acid  has 
acted  on  it. 

This  shows  that  the  green  colour  of  the  first  solution  is  not 
simple,  but  composed  of  iron,  which  gives  a  yellow  and  a  blue 
matter,  which,  by  mixing  with  the  yellow,  produces  a  green.  This 
proves  likewise  that  the  iron  dissolves  the  first ;  and  that  probably, 
if  we  were  to  pour  on  the  black  powder  only  the  quantity  of  acid 
necessary  to  dissolve  the  iron,  this  metal  almost  alone  would  be 
dissolved. 

Yet  I  must  acknowledge,  that  though  I  applied  the  acid  to  the 
black  powder  in  a  great  number  of  doses,  I  always  found  iron, 
though  in  small  quantity  indeed,  even  in  the  last  solutions. 

Before  explaining  tlie  method  which  I  followed  in  analyzing  the 
different  solutions  of  the  black  powder  in  muriatic  acid,  and  in 
separating  the  indium  from  them,  1  think  I  ought  to  point  out  the 
phenomena  which  they  presented  with  certain  re-actives  with  which 
I  mixed  them. 

1.  The  first  solution,  or  that  which  contains  the  most  iron,  and 
which  of  consequence  is  of  a  yellowish-green  colour,  gives  with 
ammonia  a  bottle-green  precipitate,  and  the  liquid  remains  colour- 
less. But  if  oxymuriatic  acid  be  introduced  into  the  filtered  liquid, 
it  assumes  a  fine  red  colour,  a  phenomenon  which,  showing  that 
some  metallic  body  remains  in  the  liquid,  will  enable  us  immediately 
to  explain  several  interesting  facts. 

2.  Sulphate  of  iron  and  sulphureted  hydrogen  deprive  this  liquid 
almost  entirely  of  its  colour,  especially  if  it  be  diluted  with  water. 

3.  If  into  the  solution  thus  deprived  of  its  colour  by  sulphate  of 
iron  and  sulphureted  hydrogen,  oxymuriatic  acid  be  put,  it  assumes 
a  green  colour,  and  then  becomes  violet-red,  if  the  acid  be  in  suiffi- 
cient  quantity. 

4.  The  solution  rendered  violet-red  by  oxymuriatic  acid  being 
exposed  to  the  air  recovers  its  green  colour  in  proportion  as  the  acid 
evaporates. 

5.  The  heat  of  boiling  continued  for  some  time  produces  in  this 
solution  a  bottle-green  precipitate  (which  we  have  denoted  by  the 
letter  B),  and  changes  its  colour  to  a  very  deep  red.  The  precipi- 
tate which  ammonia  afterwards  forms  in  this  liquid  is  red,  and  con- 
tains only  iron. 

6.  If  after  having  separated  the  precipitate  which  falls  when  the 
liquid  is  kept  boiling,  we  evaporate  the  whole  to  the  consistence  of 
a  syrup,  it  furnishes^  on   cooling,  tetrahedral   crystals  of  a  black 
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salt,  so  deep  as  to  be  easily  mistaken  for  charcoal  in  powder.  On 
examining  tiiis  salt,  1  found  it  a  muriate  of  iridlum-and-potash,  of 
which  I  shall  speak  in  another  article. 

7.  If  the  solution  which  has  thus  yielded  crystals  be  diluted  with 
four  or  five  times  its  bulk  of  water,  if  the  iron  be  precipitated  by 
ammonia,  and  the  precipitate  well  washed,  we  find  in  it  no  trace  of 
indium.  Yet  the  liquid  is  not  coloured,  nor  does  it  become 
coloured  by  concentration,  and  the  sal-ammoniac  which  it  yields  is 
white.  One  would  suppose,  tlien,  that  it  contained  nothing 
metallic.  But  if  oxymuriatic  acid  be  mixed  with  this  liquid  con- 
centrated, it  immediately  assumes  a  red  colour :  and  if  we  drive  off 
the  sal-ammoniac  which  it  furnislies,  it  leaves  a  black  powder,  which 
is  metallic  iridium. 

The  second  muriatic  solution  of  the  black  powder  from  platinum, 
or  that  which  has  a  greenish-blue  colour,  presents  in  general  the 
same  properties  as  the  preceding ;  but  all  the  qualities  indicating 
iron  are  less  distinct  in  it,  while  those  indicating  iridium  are 
more  so. 

Thus  the  precipitate  formed  in  it  by  alkalies  is  less  abundant,  and 
of  a  colour  more  inclining  to  blue.  The  diminution  of  colour  pro- 
duced in  it  by  sulphate  of  iron  and  sulphureted  iiydrogen  is  much 
more  complete.  The  red  colour  which  it  acquires  by  heat  and  oxy- 
muriatic acid  is  much  more  pure. 

The  third  solution,  which  is  of  a  pure  blue,  exhibits  still  more 
distinctly  the  phenomena  depending  on  the  presence  of  iridium, 
while  those  depending  on  iron  become  always  feebler. 

If  we  pour  some  of  that  last  solution  into  a  solution  of  potash, 
taking  care  to  have  an  excess  of  alkali,  a  light  yellow  precipitate  is 
formed,  and  the  liquid  assumes  a  pure  blue  colour.  The  precipitate 
is  occasioned  by  the  oxide  of  iron,  and  the  blue  colour  of  the  alkaline 
solution  by  the  oxide  of  iridium.  Hence  it  follows  that  if  the  solu- 
tion of  iridium  was  pure,  it  would  not  be  precipitated  by  an  excess 
of  potash.     This  will  be  confirmed  hereafter. 

§  IX.  Examination  of  the  Pret  i/jitale  B. 

A  portion  of  this  matter  put  into  muriatic  acid  while  yet  moist 
was  speedily  dissolved.  The  solution,  which  had  a  very  intense 
bottle-green  colour,  was  put  to  the  following  trials. 

1.  It  was  precipitated  in  green  flocks  by  the  alkalies. 

2.  Sulphureted  hydrogen  immediately  deprived  it  of  its  green 
colour,  and  gave  it  a  slight  fawn  colour.  Some  drops  of  alkali  let 
fall  into  the  liquid  thus  discoloured  throw  down  green  flocks,  as  if 
no  sulphureted  hydrogen  had  been  used. 

3.  Infusion  of  galls  destroys  the  green  colour,  and  produces  a 
brown. 

4.  The  prussiate  of  potash,  without  occasioning  a  precipitate, 
renders  the  green  colour  more  intense,  giving  it  a  slight  shade  of 
blue,  which  indicates  the  presence  of  iron. 

5.  VViicn  the  solution  of  this  substance  is  heated,  it  exhales  an 
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odour  similar  to  that  of  oxymuriatic  acid,  and  at  the  same  time 
assumes  a  red  colour.  As  this  production  of  oxymuriatic  acid  may 
serve  to  explain  the  change  of  the  colour  of  the  solution  from  greert 
to  red,  a  quantity  of  it  was  put  into  a  retort  furnished  with  a  re- 
ceiver, and  heated  till  it  acquired  a  reddish-brown  colour. 

The  product  obtained  iiad  the  smell  of  oxymuriatic  acid,  and  de- 
stroyed the  colour  of  litmus,  so  that  it  could  not  be  restored  by  the 
alkalies. 

Thus  the  discolouration  of  the  green  liquid  by  sulphureted 
hydrogen  and  the  sulphate  of  iron,  and  its  change  into  violet-red 
by  oxymuriatic  acid,  seems,  to  announce  that  the  metal  is  in  a  mean 
state  of  oxidation  when  it  is  blue,  and  that  it  descends  to  a 
minimum  when  it  passes  to  white.  It  is  not  probable  tiiat  the 
production  of  the  oxymuriatic  acid  of  which  we  have  spoken  is  the 
eflfect  of  the  change  of  the  blue  colour  into  red,  since,  on  the  con- 
trary, this  last  is  changed  into  violet-red  by  the  addition  of  oxymu- 
riatic acid.  Jn  fact,  the  blue  liquid  discoloured  by  sulphate  of  iron, 
by  sulphureted  hydrogen,  by  a  plate  of  zinc,  or  by  any  other  body, 
passes  at  once  into  blue  by  the  addition  of  a  small  quantity  of  oxy- 
muriatic acid.  This  seems  to  leave  no  doubt  that  the  most  oxygen- 
ated state  of  this  substance  is  that  which  exists  in  the  red  solution. 

Such  are  the  properties  of  the  bottle-green  substance,  precipi- 
tated during  boiling  from  the  first  muriatic  solution  of  the  black 
powder  from  platinum,  previously  treated  with  nitre. 
.  50  grammes  of  the  black  powder  furnished  10  grammes  of  this 
bottle-green  precipitate.  After  washing  and  calcination,  it  had  a 
black  colour,  a  smooth  and  brilliant  fracture,  like  that  of  glass : 
then,  though  well  pounded,  it  dissolved  no  longer  entirely  in 
muriatic  acid.  Of  these  10  grammes,  which  were  boiled  with  five 
parts  of  nitro-muriatic  acid,  26  grammes  only  were  dissolved,  and 
7*4  grammes  remained  under  the  form  of  a  greenish-brown 
powder.  This  matter,  being  dried,  and  pulverized  again,  was  sub- 
jected a  second  time  to  the  action  of  a  great  quantity  of  nitro- 
muriatic  acid,  without  dissolving.  It  had  merely  conununicated  to 
the  acid  a  reddish-brown  colour.  The  solutions,  being  united  and 
concentrated  by  evaporation,  did  not  furnish  crystals ;  but  muriate 
of  ammonia  being  added  to  it,  a  black  salt  was  obtained,  similar  to 
the  one  mentioned  before,  and  which  is  an  animoniaco-muriate  of 
iridium.  If  when  these  solutions  yield  no  more  of  the  salt  by  con- 
centration, we  dilute  them  with  water,  and  add  to  them  a  sufficient 
quantity  of  ammonia  to  saturate  all  the  acid,  a  precipitate  falls, 
which  has  all  the  appearance  of  oxide  of  iron,  and  which  in  reality 
contains  nothing  else,  except  a  little  oxide  of  titanium  and  silica. 

The  liquid  from  which  this  precipitate  has  been  separated  is 
colourless,  though  it  still  contains  ammoniaco-muriate  of  iridium, 
as  is  shown  by  the  red  colour  produced  in  it  by  oxj'muriatic  acid. 

Our  precipitate  being  no  longer  acted  upon  by  acids,  I  treated  it 
with  twice  its  weight  of  caustic  potash,  which  rendered  it  soluble  in 
muriatic  acid.     The  solution  was  yellow,  and  presented  all  the  pro- 
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perties  of  muriate  of  titanium  mixed  with  a  minute  quantity  of 
iron. 

Thus  the  precipitate  under  examination  is  composed  of  iridium, 
iron,  titanium,  and  silica. 

It  follows  from  this  that  though  the  liquid  from  which  these 
different  substances  come  was  sensibly  acid,  a  portion  of  the  iron, 
most  of  the  titanium  and  iridium  at  a  medium  point  of  oxidation 
are  precipitated  by  means  of  heat.  It  is  to  be  presumed  that  the 
titanium,  the  solutions  of  which  are  decomposed  by  heat,  is  the 
cause  of  the  precipitation  of  the  iron  and  iridium,  which  would 
not  take  place  with  either  of  them  separately.  These  bodies  seem 
to  exert  a  reciprocal  action  on  each  other,  which  produces  a  com- 
pound ini-olubie  at  least  in  a  weak  acid. 

Now  that  we  know  the  nature  of  the  substances  contained  in  the 
muriatic  acid  solutions,  and  the  way  in  which  they  are  acted  on  by 
re-actives,  we  can  trace  with  more  accuracy  the  method  that  must 
be  followed  in  order  to  extract  the  iridium  in  a  state  of  purity, 
which  is  our  principal  object. 

We  have  remarked  that  iridium,  when  in  the  state  in  which  it 
gives  red  solutions,  is  no  longer  precipitated  by  heat,  even  when 
assisted  by  the  action  of  titanium,  nor  by  the  alkalies,  from  its 
solutions  when  sufficiently  diluted  :  that  it  is  precipitated  in  the 
stare  of  a  triple  salt  by  sal-ammoniac  when  its  solutions  are  con- 
centrated. 

We  must  therefore  bring  iridium  into  this  state,  by  adding  to  the 
solution  a  certain  quantity  of  nitric  acid,  and  boiling  the  mixture 
for  a  long  time.  When  the  greatest  part  of  the  superabundant  acid 
is  dissipated,  the  solution  is  diluted  with  a  considerable  quantity  of 
water,  and  the  quantity  of  ammonia  is  added  necessary  to  bring  the 
liquid  nearly  to  a  neutral  state.  When  the  liquid  is  now  boiled,  a 
precipitate  falls,  consisting  chiefly  of  oxide  of  titanium  with  a  little 
iron,  without  any  mixture  of  iridium,  if  the  precipitate  be  pro- 
perly washed.  The  liquid,  now  containing  only  indium  and  iron, 
is  concentrated  and  mixed  with  sal-ammoniac.  A  black  crystalline 
precipitate  of  ammoniaco-muriate  of  iridium  fall?,  from  which  the 
supernatant  liquid  is  separated  by  dccantation.  When  the  concen- 
trated liquid  furnislies  no  more  salt,  it  is  diluted  with  water,  the 
iron  is  precipitated  by  ammonia,  the  precipitate  washed  with  hot 
water,  and  the  liquids  evaporated  to  dryness.  The  residual  salt 
being  exposed  to  a  red  heat,  leaves  very  pure  iridium  in  tlie 
metallic  state. 

The  ammonio-muriatc  of  iridium  being  obtained  in  a  state  of 
purity,  we  have  only  to  heat  it  to  redness  in  a  covered  crucible  in 
order  to  obtain  metallic  iridium  in  a  state  of  powder.  1  ought  to 
observe,  however,  that  the  salt  of  which  I  have  just  spoken  con- 
taining always  a  small  quantity  of  muriate  of  potash,  the  metal 
which  it  furnishes  requires  to  be  washed  in  boiling  water  before  it 
is  pure. 

This  muriate  of  potash  comes  from  a  small  quantity  of  potash 
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which  remains  combined  with  the  iridium  and  titanium  after  treat- 
ing the  black  powder  with  nitre,  and  which  washing  with  water  has 
not  been  able  to  separate. 

§  X.  Experiments  on  the  Black  Powder  obtained  lij  Washing  from 
the  Residue  of  Platinum. 

If  we  agitate  in  water  the  insoluble  residue  of  platinum  treated 
■with  nitro-muriatic  acid,  and  decant  off  the  liquid  after  an  interval 
of  a  few  seconds,  we  obtain  by  deposition  from  the  liquid  a  bril- 
liant black  substance,  soft  to  the  touch,  and  staining  paper  like 
plumbago. 

By  repeating  this  process  a  great  number  of  times,  we  deprive 
the  residue  almost  entirely  of  this  substance.  What  then  remains 
is  a  brown  coarse  sand,  harsh  to  the  feel,  and  which  does  not  stain 
paper.  It  is  almost  entirely  composed  of  chromate  of  iron,  oxide 
of  titanium,  quartz,  and  still  retains  a  little  of  the  brilliant  matter; 
for  it  is  easy  to  see  that  by  this  mechanical  method  we  cannot  com- 
pletely separate  the  elements  which  compose  the  residue  of  pla- 
tinum. Accordingly  in  the  brilliant  powder  there  is  still  a  small 
quantity  of  chromate  of  iron,  quartz,  and  oxide  of  titanium  in  the 
state  of  a  finer  powder. 

I  have  already  given  the  analysis  of  the  coarse  portion,  and  mean 
here  to  speak  of  the  lightest  and  most  brilliant  part. 

I  treated  20  grammes  of  this  powder  in  a  porcelain  retort  with 
40  grammes  of  nitre,  in  the  way  already  described. 

The  water  through  which  the  gas  was  made  to  pass  gave  out  a 
strong  smell  of  osmium. 

The  washings  of  the  matter  thus  treated  showed  other  properties 
than  those  which  we  observed  in  the  other  powder.  Instead  of 
being  yellowish-green,  they  were  violet-red. 

When  the  alkali  was  saturated  with  nitric  acid,  a  reddish-brown 
precipitate  fell,  and  the  liquid,  after  the  separation  of  this  preci- 
pitate, was  reddish-purple,  instead  of  being  yellow,  as  was  the  case 
with  the  coarse  powder. 

I  distilled  this  liquid  in  order  to  separate  from  it  the  osmium,  of 
which  it  contained  a  great  deal.  The  residue  of  the  distillation 
contained  no  sensible  quantity  of  chromic  acid,  while  the  coarse 
powder  furnished  this  acid  in  this  solution  alone.  This  shows  that 
by  the  washing  the  chromate  of  iron  was  almost  completely  re- 
moved. 

Examination  of  the  Precipitate  formed  in  the  Alkaline  Liquid  hj 

Nitric  Acid. 

This  precipitate,  being  washed,  and  put  into  muriatic  acid  wliile 
still  moist,  dissolved  entirely,  communicating  a  very  strong  smell  of 
osmiuni.  By  distilling  the  liquid,  I  obtained  a  considerable  quan- 
tity of  this  metal. 

This  seems  to  prove  that  the  osmium  may  be  dissolved  by  the 
alkali  in  a  state  of  oxidation  different  from  that  in  which  it  is  soluble 
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Jn  water ;  for  the  matter  from  which  it  was  extracted  had  been 
sufficiently  washed.  It  is  possible,  indeed,  that  this  oxide  may 
form  with  the  other  matters  contained  in  the  precipitate  a  combi- 
nation which  renders  it  insoluble  in  water. 

After  having  separated  the  osmium,  I  poured  into  the  concen- 
trated liquid  sal-ammoniac,  to  form  amraoniaco-muriate  of  iridium, 
which  precipitated  in  the  state  of  a  black  powder.  The  liquid, 
being  evaporated  to  dryness,  and  the  residue  digested  in  water,  I 
obtained  a  small  additional  quantity  of  the  same  salt  mixed  with 
silica.  The  solution  had  then  a  fine  green  colour  of  chromium, 
which  neither  sulphate  of  iron  nor  sulphureted  hydrogen  destroyed. 
It  could  not,  therefore,  be  ascribed  to  iridium. 

To  discover  what  substance  produced  that  colour,  I  poured 
ammonia  into  the  solution,  which  threw  down  a  brownish-green 
precipitate,  and  tlie  liquid,  though  containing  an  excess  of  alkali, 
was  colourless. 

Tliis  precipitate,  when  fused  vvith  borax,  communicated  to  it  a 
fine  green  colour.  When  heated  with  potash,  the  mixture,  being 
washed,  gave  a  yellow  liquid,  possessing  the  properties  of  chromate 
of  potash,  and  a  little  oxide  of  iron  remained  behind. 

Hence  the  precipitate  is  composed  of 

1.  Oxide  of  iridium. 

2.  osmium. 

3.  chromium, 

A.  iron. 

5.  Silica. 

The  second  water  which  I  poured  on  the  black  powder  treated  by 
nitre  did  not  become  clear  like  the  first.  It  was  of  a  milky-green 
colour.  Nitric  acid  poured  into  this  liquid  formed  a  precipitate  in 
it,  as  in  the  first  water;  but  it  was  more  flocculent,  and  of  a 
blackish-green  colour.  It  was  composed  of  oxide  of  iridium,  silica, 
and  titanium. 

Water  producing  no  more  effect,  I  put  upon  the  matter  a  small 
quantity  of  weak  muriatic  acid.  It  acquired  no  colour,  but  sepa- 
rated a  light  flocky  substance,  very  distinct  from  the  powder  itself, 
which,  falling  quickly  to  the  bottom  in  consequence  of  its  weight, 
enabled  me  easily  to  separate  the  flocky  part.  It  was  composed  of 
oxide  of  iridium,  silica  in  great  abundance,  titanium,  and  iron. 

I  distilled  the  liquid  to  separate  the  osmium,  of  which  it  had  a 
strong  smell.  I  poured,  for  the  second  time,  upon  the  powder,  a 
considerable  quantity  of  diluted  muriatic  acid.  The  acid  assumed 
a  violet  colour,  vviiich  it  would  have  been  difficult  to  have  distin- 
guished by  the  eye  from  a  strong  infusion  of  the  flowers  of  violets. 
I'liis  second  portion  of  acid  was  succeeded  by  a  third  portion  of  con- 
centrated acid,  which  remained  upon  the  matter  for  15  hours. 

The  acid  had  a  very  deep  and  pure  blue  colour;  but,  notwith- 
standing its  great  quantity,  and  its  concentration,  all  the  matter 
was  not  dissolved. 
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I  observed  that  at  the  moment  I  poured  the  concentrated  muriatic 
acid  upon  the  powder  an  effervescence  was  produced,  accompanied 
by  a  kind  of  noise,  and  that  the  mixture  exhaled  very  distinctly  the 
odour  of  oxymuriatic  acid. 

When  the  muriatic  acid  had  no  further  action  on  the  black 
powder,  I  boiled  it  for  a  long  time  in  a  great  quantity  of  nitio- 
muriatic  acid  :  that  solution  took  place,  was  announced  by  the  very 
deep  colour  which  the  liquid  assumed. 

The  residue,  being  now  washed  and  dried,  weighed  only  3*2 
grammes.  1  fused  it  with  twice  its  weight  of  potash  in  a  silver 
crucible. 

The  mass  being  dissolved  in  hot  water  communicated  to  it  a  fine 
blue  colour.  The  undissolved,  portion  was  treated  with  muriatic 
acid,  which  dissipated  a  part  of  it,  and  assumed  likewise  a  blue 
colour  with  a  tint  of  violet. 

By  repeated  treatments  with  potash  and  muriatic  acid  the  whole 
of  the  black  matter  was  at  last  dissolved. 

I  mixed  together  all  the  alkaline  solutions,  and  after  having 
saturated  them  with  muriatic  acid,  1  evaporated,  in  order  to  obtain 
by  crystallization  the  muriate  of  iridium-and-potash. 

I  mixed  together  likewise  all  the  acid  solutions,  concentrated 
them,  and  when  they  yielded  no  more  muriate  of  iridium-and- 
potash,  1  added  ammonia,  in  order  to  convert  the  muriate  of  iri- 
dium, still  held  in  solution,  into  amraoniaco-muriate  of  iridium. 

We  see  by  the  above  statement,  that  the  black  powder  obtained 
by  repeated  washings  from  the  insoluble  residue  of  crude  pla- 
tinum, is  composed  of  a  great  quantity  of  iridium  and  osmium; 
that  it  scarcely  contains  any  chromium,  and  much  less  titanium 
and  iron,  than  the  black  powder  which  we  subjected  to  the  first 
analysis. 

FART   SECOND. 

§  I.  Properties  of  Iridium. 

The  name  iridium,  given  to  this  metal  by  Mr.  Tennant,  is 
derived  from  the  various  colours  which  it  presents  in  its  solutions, 
and  which  M.  Fourcroy  and  1  first  made  known. 

But  in  the  metallic  state  the  colour  of  iridium  is  greyish-white, 
nearly  like  that  of  platinum.  It  appears  to  be  brittle,  and  conse- 
quently hard. 

I  cannot  give  its  specific  gravity,  because  I  have  not  yet  been 
able  to  melt  it  completely. 

It  is  not  attacked  by  the  simple  acids,  and  only  with  great  diffi- 
culty by  the  most  concentrated  nitro-muriatic  acid. 

Potash  and  nitre  convert  it  into  an  oxide  and  then  combine  with 
it.  A  black  powder  is  produced,  which,  being  put  into  water, 
communicates  to  it  a  fine  blue  colour.  It  is  a  portion  of  the  metal 
dissolved  in  the  excess  of  alkali  which  produces  this  colour ;  but 
the  portion  insoluble  in  water  is  still  a  combination  of  the  metal 
with  alkali;  for  it  is  soluble  in  muriatic  acid,  to  which  it  gives  a 
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blue  colour,  and  its  solution  furnishes,  by  evaporation,  a  black 
salt,  which  is  a  muriate  of  iridiura-and-potash.  Sometimes  the 
alkaline  solution  of  iridium  is  purple,  because  a  portion  of  the 
metal  has  passed  to  a  red  colour,  and  has  dissolved  in  the  alkali  at 
the  same  time  with  the  blue  portion. 

Thus  the  fixed  alkalies  have  a  greater  action  on  this  metal  than 
the  strongest  acids. 

It  is  doubtful  whether  we  can  obtain  a  blue  solution  of  iridium 
in  the  acids  without  the  assistance  of  potash  ;  for  to  dissolve  it  we 
must  in  that  case  employ  boiling  nitro-muriatic  acid,  and  then  we 
constantly  ol)tain  a  red  solution. 

The  red  muriatic  solution  of  iridium,  sufficiently  concentrated, 
is  entirely  converted  by  means  of  ammonia,  in  a  triple  salt  of  a 
purple  colour  so  deep,  that  it  appears  black  like  charcoal  powder. 

If  into  50  parts  of  the  solution  of  pure  platinum  we  put  one 
part  of  concentrated  muriate  of  iridium,  and  afterwards  add  sal 
ammoniac,  we  obtain  a  brick-red  precipitate,  instead  of  the  lemon- 
yellow  precipitate  v.hich  pure  platinum  gives. 

There  can  be  no  doubt  then  that  it  is  iridium,  as  we  have  before 
remarked,  which  gives  a  red  colour,  sometimes  very  intense,  to 
the  ammoniaco-rauriate  of  platinum,  obtained  from  the  last 
portions  of  crude  platinum. 

The  ammoniaco-muriate  of  iridium  crystallized  and  well  dried, 
being  exposed  to  heat  in  a  distilling  vessel,  gives  out  azotic  gas, 
muriatic  acid,  sal  ammoniac,  and  leaves  for  residue  45  per  cent, 
of  its  weight  of  pure  metal.  The  a2:otic  gas,  which  comes  over. 
shows  that  part  of  the  ammonia  is  decomposed. 

This  salt  is  very  little  soluble  in  cold  water.  At  the  tempe- 
rature of  57°,  20  parts  of  water  are  required  to  dissolve  one  part  of 
aramonio-muriate  of  iridium. 

The  solution  of  the  salt  has  an  orange-red  colour,  very  intense, 
considering  tlie  small  quantity  of  salt  which  it  contains. 

Five  centigrammes  (0*772  grain)  were  sufficient  to  give  a  very 
distinct  colour  to  two  litres  (1 22*056  cubic  inches)  of  water. 
Hence  it  follows,  that  one  ])art  is  capable  of  colouring  40,000 
parts  of  water  •  a  property  which  is  extraordinary  for  a  metallic 
salt.  The  muriate  of  rhodium,  wiiich  possesses  this  colour  in  a 
high  degree,  Is,  notwithstanding,  four  times  less  colouring  than 
the  muriate  of  iridium. 

Ammonia  discolours  the  solution  of  this  salt  in  a  few  minutes, 
without,  however,  producing  a  |>recipitate  in  it. 

The  green  sulphate  of  iron  discolours  it  instantly,  and  renders 
it  white  like  water. 

Sulphuietcd  hydrogen,  iron,  zinc,  and  tin  in  the  metallic  state, 
produce  tin;  same  effect  as  the  sulphate  of  iron  ;  but  if  oxymuriatic 
acid  be  put  into  the  liquids  thus  discoloured,  they  immediately 
assume  their  natural  colour. 

When  we  heat  the  ammoniaco-muriate  of  iridium,  by  means  of 
^he  blow  pipe,  upon  duircoal,  it  burns  with  a  yellow  flaine  and  « 
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kind  of  fulguration,  It  leaves  a  porous  metallic  mass  of  a  grey 
colour,  but"  «!iich  assumes  a  white  colour,  and  a  strong  lustre, 
when  rubbed  Ijetween  two  hard  bodies.  This  colour  and  lustre 
strongly  resemble  those  of  platinum. 

We  have  seen  by  what  has  been  said,  that  iridium,  according  to 
the  state  of  its  oxidation,  gives,  when  it  combines  with  muriatic 
acid,  a  yellowish  red  colour. 

I  have  endeavoured  to  ascertain  if  these  two  colours  were  due  to 
two  states  of  oxidation,  as  we  thought  before,  and,  in  that  case, 
which  of  the  two  contains  most  oxygen.  The  experiments  which 
I  have  made  leave  me  in  my  former  opinion ;  but  they  only  furnish 
probabilities  respecting  the  quantity  of  oxygen  existing  in  these 
oxides. 

All  the  information  they  have  given  is ;  1 .  That  we  cannot 
obtain  the  blue  solution  of  iridium  in  acids,  without  having 
first  treated  this  metal  with  potash  or  nitre.  2.  That  these  blue 
solutions  become  yellowish  red  when  long  boiled ;  and,  as  the 
change  takes  place  gradually,  we  can  perceive,  if  we  pay  attention 
to  it,  the  shade  becoming  first  green,  then  violet  purple,  and 
finally  yellowish  red.  S.  That  the  blue  solutions  are  not  precipi- 
tated in  the  state  of  triple  salts  by  the  alkalies,  either  fixed  or 
volatile.  4.  That  the  blue  solutions  become  red  when  sufficiently 
diluted ;  but  still  are  not  precipitated  by  the  alkalies,  and  when 
sufficiently  concentrated,  give  a  black  triple  salt,  soluble  in  twenty 
parts  of  water.  There  is  then  a  difference  in  the  state  of  the  iri- 
dium in  these  solutions,  since  the  one  forms  tiiple  salts  but  little 
soluble,  and  the  other  salts  which  are  very  soluble. 

If  the  blue  and  red  solutions  be  equally  discoloured  by  the  com- 
hustible  bodies  of  which  we  have  spoken  above,  oxymuriatic  acid 
restores  to  each  of  them  its  primitive  colour  ;  but  if,  after  restoring 
the  blue  colour,  we  add  a  new  quantity  of  oxymuriatic  acid,  that 
colour  passes  into  a  purple  red. 

If  we  suppose  that  these  two  solutions  are  reduced  to  the  same 
state  of  oxidation  by  the  combustible  substances,  the  sulphate  of 
iron  for  example,  we  must  see  it,  when  we  mix  with  it  oxymuriatic 
acid,  pass  through  the  same  siiades  to  arrive  at  the  maximum, 
which  does  not  happen.  The  blue  becomes  blue  without  inter- 
mediate shade,  and  the  red  becomes  immediately  red  without  pass- 
ing through  blue.  The  purple  red  colour,  v/hich  oxymuriatic  acid 
in  excess  gives  to  the  blue  liquid,  does  not  appear  to  change  the 
state  of  the  oxidation  of  the  metal;  for  it  is  sufficient  to  leave  this 
solution  for  some  time  in  the  air,  to  enable  it  to  resume  its  blue 
colour,  in  proportion  as  the  oxymuriatic  acid  exhales.  Thus, 
though  (here  is  an  obvious  difference  between  the  oxide  of  iridium 
in  the  blue  and  in  the  red  solutions,  I  am  obliged  to  acknowledge 
my  ignorance  of  the  relative  quantity  of  oxygen  in  each.  I  pre- 
sume, merely,  that  the  red  contains  more  oxygen  than  the  blue. 

We  have  said-above  that  the  blue  solution  of  iridium  is  not  pre- 
cipitated by  alkalies.     This  is  true  when  the  solution  is  pure  ;  but 
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if  it  contain  either  iron,  or  titanium,  or  silica,  or  alumina,  tlie 
blue  oxide  precipitates  in  a  proportion  relative  to  that  of  the  sub- 
stance which  is  the  determining  cause  of  the  precipitation. 

If  it  is  oxide  of  iron  or  of  titanium  which  is  mixed  with  the 
solution  of  iridium,  the  precipitate  formed  by  the  alkalies  is 
green  ;  but  if  it  is  merely  silica  or  alumina,  the  precipitate  is  blue, 
with  a  shade  of  violet.  That  which  is  obtained  by  barytes  is 
green.  There  can  be  no  doubt  that  the  precipitation  is  brought 
about  by  the  action  of  these  bodies  on  the  oxide  of  iridium.  The 
following  experiment  seems  to  me  very  good,  as  a  demonstration  of 
this.  I  mixed  with  a  blue  solution  of  iridium  a  small  quantity  of 
sulphate  of  alumina,  and  then  added  an  excess  of  ammonia.  A 
deep  coloured  precipitate  fell ;  but  the  liquid  continued  still  more 
intensely  coloured.  The  addition  of  a  greater  quantity  of  sulphate 
of  alumina  entirely  discoloured  it.  These  precipitates  of  alumina 
and  oxide  of  iridium  cannot  be  deprived  of  their  colour  by  repeated 
washings  in  boiling  water. 

This  great  affinity  of  alumina  for  blue  oxide  of  iridium,  and  the 
violet  blue  colour  of  the  compound,  gave  me  a  strong  siispicion 
that  iridium  is  the  colouring  matter  of  the  Oriental  sapphire.  Tliis 
metal  might  have  escaped  so  much  the  more  easily  from  the  che- 
mists who  analyzed  that  stone,  as  not  more  than  a  thousandth  part  of 
it  would  be  wanting  to  form  the  deepest  shade  known  in  the  sap- 
phire. If  this  substance  were  common,  it  would  perhaps  be  pos- 
sible to  make  a  beauifiil  blue  colour  of  it  for  painters. 

Oxymuriatic  acid  decomposes  ammoniaco-muriate  of  iridium. 
We  have  only  to  pass  the  acid  gas  into  a  vessel  containing  the  salt 
miKcd  with  water.  The  salt  disappears,  and  a  gas  is  disengaged  in 
bubbles,  in  pro])ortion  as  the  solution  lakes  place.  When  the 
solution  is  complete,  and  when  no  more  gas  is  given  out  even  by 
the  assistance  of  heat,  ammonia  is  no  longer  found  in  the  solution. 
At  least  no  triple  salt  is  obtained  by  condensing  the  liquid,  and  no 
ammonia  is  disengaged  when  the  liquid  is  mixed  with  potash  and 
distilled.  We  obtain  merely  a  triple  salt  of  iridium  and  potash. 
We  may  then  l)y  this  operation  obtain  pure  muriate  of  iridium.  It 
has  a  yellou'ibh  red  colour. 

Muriate  of  Indium  a?id  Potash. 

This  salt  is  always  formed  when  a  solution  of  muriate  of  potash 
is  mixed  with  a  solution  of  iridium;  or  when  after  exposing  a 
mixture  of  iridium  and  potash  to  a  red  heat,  the  compound  is  dis- 
solved in  muriatic  acid. 

This  salt  has  a  purple  colour  so  intense,  that  it  appears  black ; 
but  we  may  satisfy  ourselves  that  it  is  really  purple,  by  rubbing  it 
upon  a  sheet  of  white  paper.  Though  this  salt,  which  is  very 
little  soluble  in  water,  gives  but  very  small  crystals,  yet  I  have 
ascertained  that  they  have  a  very  distinct  octohedral  shape. 

A  hundred  parts  of  these  crystals  ijcing  long  exposed  to  a  red 
Ixeat,  decrepitated,  and  were  reduced  to  fifty  parts.     They  had  the 
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form  of  a  black  powder;  but  it  was  not  pure  iridium.  It  was 
niixed  with  a  certain  quantity  of  muriate  of  potasli,  as  was  obvious 
from  the  taste. 

Xhis  residue,  being  repeatedly  washed  with  hot  water,  and  dried, 
was  reduced  to  37  pans. 

If  we  were  certain  that  no  muriate  of  potash  was  dissipated 
during  the  calcination,  we  should  have  from  the  preceding  expe- 
riment two  elements  of  the  salt ;  namely,  the  metal  and  the 
muriate  of  potash.  This  metal  would  be  to  the  muriate  of  potash 
as  87  :  13,  or  as  3  :  !••  It  would  be  only  necessary  after  this  to 
know  the  quantity  of  water  and  muriatic  acid  which  were  disen- 
gaged during  the  process  to  know  that  of  the  oxygen. 

§  II.  Sulphur ation  of  Iridium. 

A  hundred  parts  of  the  ammoniaco-muriate  of  iridium,  mixed 
with  as  much  sulphur,  and  gradually  heated  to  redness  in  a  re- 
tort, furnished  60  parts  of  a  black  agglutinated  powder,  which 
burnt,  when  heated,  like  the  metallic  sulphurets. 

We  have  seen  above  that  100  of  this  salt  furnish  from  42  to  45 
of  metal.  They  would  then  have  absorbed  1.5  of  sulphur,  sup- 
posing the  last  result  the  most  ac«?urate.  But  it  is  evident,  that  if 
45  absorb  15,   JOG  will  absorb  33*3. 

Mr.  Tennant  says,  that  he  could  not  unite  sulphur  to  iridium, 
probably  because  he  attempted  the  direct  combination ;  but  the 
case  is  ditferent  when  we  employ  its  triple  ammoniacal  salt. 

§  III.  AlloTjs  of  Iridium  ivith  some  other  Metals. 

Lead  and  Iridium. — Eight  parts  of  lead  and  one  ymrt  of  iridium, 
Iieated  on  charcoal  by  means  of  the  blow  pipe,  united  as  soon  as 
the  lead  became  white  hot. 

The  ductility  of  the  lead  was  not  destroyed  by  this  quantity  of 
iridium  ;  but  its  hardness  and  whiteness  had  been  very  sensibly 
increased.  This  alloy  is  attacked  by  nitric  acid,  which  dissolves 
the  lead,  and  leaves  the  iridium  in  the  state  of  a  black  powder. 

Copper  and  Iridium. — Four  parts  of  copper  and  one  of  iridium 
united  as  soon  as  the  copper  was  white  hot.  The  alloy  is  ductile  ; 
but  much  harder  than  jjure  copper.  The  colour  is  pale  red,  ap- 
pearing white  under  the  file.  It  was  acted  on  by  nitric  acid  in  the 
same  way  as  the  alloy  of  iridium  and  lead.  The  copper  dissolved, 
and  the  iridium  remained  ;  yet  the  acid  appeared  to  have  dissolved 
some  particles  of  it,  as  the  colour  of  the  solution,  instead  of  being 
blue,  was  green. 

Tin  and  Iridium. — Four  parts  of  tin  and  one  of  iridium  give  a 
dull  white  alloy,  easily  crystallized,  hard,  but  malleable.  The 
ii'idlum  does  not  combine  with  the  tin  till  the  latter  is  white  hot. 
T  Silver  and  Iridium. — Two  parts  of  fine  silver  and  one  of  iridium, 
heated  like  the  others  before  the  blow  pipe,  did  not  unite  coni- 
^iletel}',  probably  Iiecause  there  was  too  great  a  quantity  of  iridium. 

1  endeavoured  to  bring  about  the  contbination,  by  means  of  the 
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blow  pipe  with  oxygen  gas.  This  enabled  me  to  observe  a  very 
interesting  phenomenon,  the  volatilization  df  the  silver. 

There  ruse  during  the  operation  a  very  copious  yellowish  white 
fume,  and  the  flame  from  the  charcoal  formed  a  cone,  the  base  of 
which  was  coloured  yellow,  the  middle  purple,  and  the  summit 
blue.  In  a  short  time  nothing  but  the  pure  iridium  remained  upon 
the  charcoal. 

This  phenomenon,  of  which  I  had  not  before  seen  so  remarkable 
an  example,  led  me  to  wish  to  subject  silver  alone  to  the  same  trial. 

I  therefore  placed  four  grains  of  this  mttal  in  a  hole  dug  in 
charcoal,  and  heating  by  means  of  a  current  of  oxygen  gas,  in  less 
than  a  minute  the  whole  was  dissipated.  During  this  operation,  a 
portion  of  the  smoke  exhaled  was  collected  in  a  glass  vessel  reversed 
above  it.  It  formed  a  yellowish  brown  crust,  which  dissolved  in  a 
great  measure  in  weak  and  cold  nitric  acid.  This  nitric  acid  was 
then  abundantly  precipitated  by  a  solution  of  common  salt.  The 
greatest  part  of  the  silver  burns  when  thus  volatilized.  At  least 
the  yellow  colour  of  the  flame,  that  of  the  condensed  fumes,  and 
their  dissolving  cold  in  dilute  nitric  acid,  seems  to  prove  it. 

Chemists,  assayers,  and  founders,  know  that  silver  is  volatile; 
but  I  am  persuaded  that  they  are  far  from  thinking  that  it  possesses 
this  property  in  so  great  a  degree.  This  ought  to  be  attended  to  by 
all  who  refine  and  melt  silver. 

The  malleability  of  all  the  alloys  of  iridium  leads  to  the  idea 
that  this  metal  would  not  be  brittle  if  its  parts  could  be  united  by 
fusion,  or  at  least  that  certain  brittle  metals  do  not  much  diminish 
the  malleability  of  those  with  which  they  are  capable  of  uniting. 
Certainly  tin  united  to  copper  in  the  same  proportion  as  the  iridium 
produces  a  great  change  on  its  properties.* 

Mr.  Tennant  has  remarked,  that  iridium  does  not  change  the 
colour  nor  the  malleability  of  gold  and  silver,  and  that  it  was  not 
possible  to  separate  it  from  these  bodies  by  the  ordinary  methodsi 
This  might  easily  have  been  seen  beforehand,  in  consequence  of 
the  properties  which  it  possesses. 

The  specific  characters  of  iridium  are  then  :  1 .  A  greyish  white 
colour.  2.  Very  difficult  to  fuse.  3.  It  forms  blue,  purple,  yel- 
lowish red  solutions  in  acids  and  alkalies,  according  to  the  slate  of 
its  oxidation.  4.  It  is  not  acted  upon  by  the  ordinary  acids,  and 
even  very  little  by  nitro-muriatic  acid.  5.  It  forms  triple  salts  of 
a  black  colour,  and  very  little  soluble  with  potash  and  ammonia, 
when  in  solution  in  adds  in  the  state  of  red  oxide. 

THIRD    PART. 

§  I.   Properlies  of  Osmium. 
Osmium  has  received  its  name  from  the  strong  smell  which   'ni 

*  Since  the  reading  of  this  paper,  bavins;  succeeded  in  fusing  a  certain  qu«» 
tity  of  iridium,  I  have  fuuod  (hat.it  possesses  soma  ductility. 

Vot.  VI.  N°  VI.  2  F 
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oxide  exhales ;  a  property  which  Fourcroy  and  I  made  known  in 
February  1804.  *    _ 

Tliis  metal  being  volatile,  or  rather  oxidating  very  easily  at  a 
low  temperature,  it  has  not  been  posysible  to  fuse  it,  and,  conse- 
quently, to  know  its  colour  and  its  specific  gravity. 

As  to  its  colour,  if  we  can  judge  from  some  appearances,  I  con- 
ceive, that  it  is  blue.  The  following  are  these  appearances.  The 
instant  that  osmium  is  precipitated  by  zinc  from  its  solution,  the 
liquid  assumes  a  purple  tint,  which  becomes  soon  the  finest  blue. 
This  blue  matter  at  last  separates  from  the  liquid,  and  precipitates 
in  a  powder  which  appears  black. 

When  we  heat  osmium  thus  precipitated  from  zinc,  and  washed 
and  dried,  we  obtain,  as  we  shall  see  hereafter,  white  oxide,  which 
is  volatilized  into  the  neck  of  the  retort,  where  it  crystallizes ; 
then  a  light  crust  of  matter,  which  is  blue  by  reflected  light,  and 
green  by  refracted.  The  portion  not  volatilized  appears  black. 
Yet  it  is  possible  that  the  blue  colour  does  not  belong  to  the  metal 
itself,  but  to  a  suboxide. 

Osmium,  which  has  been  heated  in  a  retort,  takes,  when  rubbed 
against  a  hard  and  polished  body,  a  surface  of  a  copper-red,  like 
indigo  rubbed. 

As  we  have  not  been  able  to  obtain  osmium  hitherto,  except  in  a 
fine  powder,  it  appears  to  us  light :  but  if  it  could  be  melted,  it 
would  perhaps  be  as  heavy  as  some  of  the  metals  known  before  it. 

We  have  no  experiments  which  show  that  osmium  is  volatile ; 
because  the  little  of  it  which  we  have  hitherto  possessed  lias  only 
enabled  us  to  heat  it  in  glass  vessels  not  capable  of  bearing  much  heat 
without  melting.  But  it  is  probable  that  in  a  higher  temperature 
it  would  be  volatile  ;  for  we  have  not  hitherto  any  examples  of 
metals  furnishing  volatile  oxides, which  are  not  volatile  themselves. 
The  blue  sublimate  which  forms  in  the  upper  part  of  vessels  in 
which  osmium  is  heated,  strengthens  this  probability. 

When  we  heat  osmium  in  contact  of  air,  it  soon  disappears 
entirely;  but  we  ought  not  to  consider  this  phenomenon  as  a  simple 
volatilization  of  the  metal.  It  is  a  true  combustion,  easily  distin- 
guished by  the  suffocating  odour  of  oxide  of  osmium  diffused  in 
the  air. 

I  exposed  to  heat  a  gramme  of  osmium  in  a  luted  retort,  the 
capacity  of  which  was  about  12  cubic  inches,  and  which  terminated' 
in  a  tube  plunged  into  water,  in  order  to  collect  the  vapours  which 
should  not  condense. 

The  bottom  of  the  retort  was  not  red-hot,  before  very  beautful 
vvhite  brilliant  crystals  were  deposited  in  the  neck  of  the  vessel. 
Some  time  after,  and  in  proportion  as  the  heat  increased,  a  blue 
crust  was  ueposiied  on  tlie  upper  part  of  the  retort. 

Tlie  formation  of  these  matters,  and  especially  of  the  first,  soon 

ceased ;  because  the  contact  of  air  was  necessary  for  it,  which  soon 

failed  in  so  small  a  vessel.     The  apparatus  being  cold,  the  neck  of 

'  the  retort  wa§  cut  near  the  white  crystalsj  in  order  to  "collect"  thein 
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more  readily.  The  air  of  the  retort  was  sq  impregnated  with  the 
vapour  of  this  metal  that  it  almost  suffocated  me. 

The  crystals  themselves  had  an  odour  so  strong,  that  it  was  im- 
possible to  breathe  near  them  without  a  feeling  of  pain. 

The  osmium  which  had  not  been  volatilized  gave  out  likewise  a 
very  striking  odour ;  but  I  suppose  that  it  owed  this  property  to  a 
portion  of  the  air  imi)regnated  with  oxide,  which  it  had  imbibed 
during  the  cooling.  This  residue  only  weighed  0*35  gramme,  and 
the  quantity  of  osmium  sublimed  was  far  from  completing  the 
gramme  of  osmium  employed ;  because  a  portion  of  it  had  passed 
into  the  water  of  the  receiver,  being  carried  hither  by  the  air. 

From  the  result  of  this  operation  it  appears  that  oxide  of  osmium 
is  formed  only  in  proportion  to  the  quantity  of  air  in  contact  with 
it.  This  is  conformable  to  vvhat  we  know  of  the  oxidation  of  the 
other  metals. 

Yet  1  am  induced  to  believe  that  the  white  oxide  formed  in  this 
case  is  not  entirely  owing  to  the  air  of  the  vessel;  for  it  is  formed 
and  volatilized  at  a  temperature  so  low,  that  we  can  hardly  con- 
ceive how  the  combination  should  take  place. 

I  am  rather  disposed  to  believe  that  the  osmium  as  it  is  precipi-< 
tated  by  zinc,  still  retains  a  small  quantity  of  oxygen,  which  when 
assisted  by  a  gentle  heat,  unites  itself  to  a  portion  of  the  metal 
and  renders  it  more  volatile. 

The  following  observation  seems  to  confirm  this  idea.  When  the 
osmium  is  precipitated  from  its  solution  by  means  of  zinc,  and 
washed  several  times  with  water,  even  acidulated  with  sulphuric 
acid,  it  exhales  no  odour,  as  long  as  it  is  cold  ;  but  if  it  be  ex- 
posed to  a  heat  of  from  97°  to  104°,  it  exhales  the  odour  during 
some  time. 

But  the  strongest  proof  is,  that  osmium  which  has  furnished 
oxide  by  distillation,  does  not  furnish  any  more  at  the  same  tempe- 
rature, although  the  same  quantity  of  air  be  present. 

§  II.  Examination  nf  the  Oxide  of  Osmium. 

This  oxide  is  white,  transparent,  and  very  brilliant ;  its  taste 
very  strong  and  caustic,  has  some  analogy  with  that  of  the  volatile 
oils,  and  particularly  with  that  of  oil  of  cloves.  Its  odour  is  equally 
insupportable.  It  is  more  fusible  than  wax  ;  flexible  like  it,  and 
exceedingly  volatile.  When  placed  in  contact  with  animal  or 
vegetal)le  bodies,  it  blackens  them,  especially  if  it  be  moist.  It  is 
very  soluble  in  water,  and  the  solution  becomes  blue  by  nutgalls 
and  many  other  vegetable  substances. 

§  III.  miction  of  Oxymuriafic  Acid. 

Into  a  flagon  containing  about  half  a  litre  (30-5  cubic  inches) 
into  which  1  had  ])ut  a  gramme  of  osmium,  I  passed  oxymuriatic 
acid  gas,  the  sur[jlus  of  which  was  received  in  a  solution  of  potash. 
Soon  after  the  osmium  came  in  contact  with  the  gas,  it  appeared 

2  F  2 
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to  melt,  assuming  a  very  beautiful  and  intense  green  colour.  At 
last  it  dissolved  entirely,  and  formed  a  small  quantity  of  a  brown'- 
ish-red  liquid.  The  solution  of  potash  assumed  a  yellow  colour, 
and  an  odour  of  osmium  mixed  with  that  of  oxymuriatic  acid. 

When  I  opened  the  flagon  containing  the  solution  of  which  I 
have  just  spoken,  there  issued  out  a  dense  white  vapour,  having  au 
insupportable  odour  of  osmium  and  oxymuriatic  acid.  To  be  able 
to  separate  this  liquid  from  the  flagon  without  losing  much  of  it,  I 
mixed  it  with  a  quantity  of  water,  and  subjected  it  to  the  following 
experiments. 

1.  A  drop  or  two  of  this  solution  let  fall  into  a  glass  of  water, 
assumed  a  very  deep  blue  colour  on  adding  infusion  of  nutgalls. 

2.  When  a  plate  of  zinc  was  put  into  the  solution,  it  soon  passed 
to  blue,  and  black  flocks  precipitated. 

I  may  remark,  that  the  green  colour  analogous  to  that  of  oxide 
of  chromium,  which  the  osmium  assumed  at  the  instant  of  its  solu- 
tion, may  proceed  from  a  mixture  of  the  liquid,  which  is  reddish- 
yellow,  with  a  portion  of  the  metal  which  I  suppose  to  be  blue. 
And,  in  fact,  in  proportion  as  the  solution  goes  on,  the  green 
colour  becomes  weaker  and  disappears  entirely,  to  give  place  to 
reddish-yellow. 

When  osmium  is  mixed  with  water,  in  order  to  be  dissolved  in 
oxymuriatic  acid,  it  does  not  become  green ;  but  forms  at  once  a 
yellowish-red  liquid. 

If  ammonia  be  put  into  this  solution  till  the  acid  is  saturated,  a 
brown  precipitate,  in  flocks  falls  down,  small  in  quantity,  and  the 
liquid  passes  to  a  pure  yellow,  preserving  the  odour  peculiar  to 
osmium. 

This  precipitate  consists  almost  entirely  of  iron,  coming  no  doubt 
from  the  zinc. 

Action  of  common  Muriatic  Acid  and  Osmium. 

Osmium  dissolves  in  muriatic  acid  when  assisted  by  a  gentle  heat. 
The  solution  begins  by  being  green  ;  but  it  soon  becomes  reddish- 
yellow.  If  to  the  muriatic  acid  we  add  some  drops  of  nitric  acid, 
the  solution  takes  place  more  readily,  so  that  we  scarcely  perceive 
the  transition  from  green  to  reddish -yellow. 

'  During  these  solutions  a  great  deal  of  osmium  is  always  volati- 
lized, even  when  they  are  made  without  the  assistance  of  heat,  as 
Is  shown  by  the  experiment  with  oxymuriatic  acid. 

At  the  request  of  Sir  H.J)avy,  1  endeavoured,  but  In  vain,  to 
unite  osmium  with  iodine.  When  the  mixture  of  the  two  bodies 
•was  heated  in  a  glass  tube,  the  iodine  separated  in  the  form  of 
violet  vapours,  which  attached  themselves  to  the  upper  parts  of  the 
tube,  while  the  osmium  remained  at  the  bottom  without  having 
Undergone  any  change. 

The  facility  with  which  osmium  dissolves  in  acids,  is,  I  conceive, 
a  certain  proof  that  in  crude  platinum  it  is  united  to-some  sulwtanfe 
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which  protects  It  from  the  action  of  these  menstruoms.  This  sub- 
stance can  only  be  iridium,  since  it  is  it  which  resists  solution  most 
obstinately. 

The  combination  of  the  oxide  of  osmium  with  the  alkalies,  dis- 
Bolved  in  water,  has  a  yellow  colour. 

Though  the  oxide  of  osmium  does  not  present  acid  characters, 
yet  it  appears  that  it  combines  with  the  alkalies,  and  that  it  is  in 
gome  measure  fixed  by  this  combination.  In  fact,  if  it  were  not 
so,  this  metal  would  escape  entirely  when  the  black  powder  is 
treated  in  crucibles  with  potash  or  nitre  at  a  red  heat. 

What  gives  a  certain  degree  of  force  to  this  opinion  is,  that  the 
addition  of  any  alkali  whatever  to  the  aqueous  solution  of  osmium 
very  much  diminishes  the  odour,  which  again  becomes  powerful, 
when  the  alkali  is  neutralized  by  an  acid. 

The  small  quantity  of  osmium  which  I  have  been  hitherto  able 
to  procure,  and  its  great  oxidability,  have  not  enabled  me  to  examine 
if  it  would  unite  with  sulphur,  phosphorus,  and  the  other  metals ; 
but  these  combinations  never  can  be  any  thing  else  than  mere 
objects  of  curiosity. 

The  characteristic  properties  of  osmium  are  to  oxidate  at  a  low 
heat,  and  to  form  an  oxide  exceedingly  volatile,  odorous,  and 
fusible;  crystallizable,  soluble  in  water;  the  solution  of  which 
becomes  blue  by  the  infusion  of  nutgalls,  and  by  the  immersion  of 
a  plate  of  zinc  :  finally,  the  property  of  forming  yellow  combina- 
tions with  the  alkalies- 
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Proceedings  of  Philosophical  Societies. 

ROYAL    SOCIETY. 

On  the  0th  of  November  the  Society  met  for  the  first  time  after 
the  long  vacation.  A  paper  by  Sir  H.  Davy  on  the  fire-damp  in 
coal-mines  was  read.  The  author  had  been  invited  by  Dr.  Grey  to 
examine  the  subject,  in  order  to  discover,  if  possible,  some  method 
of  preventing  those  explosions  which  of  late  years  have  proved  so 
fatal  to  the  lives  of  the  colliers.  He  accordingly  visited  several  of 
ihe  mines,  and  analyzed  the  pure  gas  collected  from  a  blower.  He 
states,  as  Mr.  Longmire  had  done  before  him  {Annals  of  Philo- 
sophy., vi.  172),  that  this  gas  is  extricated  from  the  crevices  of  the 
coab ;  and  he  found  that  when  a  large  piece  of  coal  was  broken  to 
pieces  under  water,  inflammable  gas  was  given  out.  The  result  of 
his  analybis  of  the  gas  was  precisely  the  same  with  the  previous 
result  obtained  by  Dr.  Henry  (Nich.  Jour.  xix.  149),  that  it  was 
pure  carbureted  hydrogen  gas.  It  required  twice  its  bulk  of  oxygen 
jjas  to  consume  it,  au4  nearly  its  own  bulk  of  carbonic  acid  gsis. 
"        ■'  '    ■  4 
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This  is  characteristic  of  carbureted  hydrogen,  as  both  Mr.  Dalton 
and  myself  have  ascertained.  He  found  the  specific  gravity  to  be 
0639,  but  his  specimen  was  mixed  wiih  common  air.  I  imve 
shown  the  true  specific  gravity  of  this  gas  to  be  0*555  (Wernerian 
Memoirs,  i.  508). 

He,  found  it  much  less  combustible  than  other  combustible  gases. 
Iron  heated  to  whiteness  does  not  set  it  on  fire.  It  requires  actual 
flame.  This  fact  has  induced  him  to  propose  a  lantern  made  air- 
tight, with  a  hole  below  to  admit  air,  and  one  above  to  act  as  a 
chimney,  as  a  complete  security  against  the  explosion  of  the  fire- 
damp in  coal-mines.  He  found  that  when  a  mixture  of  common 
air  and  carbureted  hydrogen  gas,  in  such  proportions  as  to  explode, 
is  let  up  into  such  a  lantern,  the  flame  increases,  so  as  nearly  to  fill 
the  lantern,  and  then  the  lamp  goes  out.  He  conceives  that  when- 
ever in  a  coal-mine  the  air  is  mixed  with  carbureted  hydrogen  to 
the  exploding  point,  that  such  lamps  would  go  out,  and  no  explo- 
sion would  follow.  But  such  an  experinient  would  be  very  hazard- 
ous. The  fact  is,  that  in  such  a  case  tlie  gas  within  the  lantern 
burns,  and  of  course  extinguishes  the  lamp;  but  in  all  probability 
the  gaseous  combustion  would  extend  itself  through  the  holes  in  the 
lantern,  which  are  filled  with  gas  at  the  exploding  point,  and  set 
fire  to  the  whole  mixture  in  the  mine.  This  would  certainly 
happen  sometimes,  if  not  always;  so  that  the  lantern  of  Davy 
•would  furnish  no  certain  security  to  the  miners.  The  lamp  of  Dr. 
Clanny,  if  properly  improved,  is  a  much  safer  contrivance,  and 
might  be  made  equally  cheap. 

I  ascertained  that  the  limits  of  the  explosion  of  this  gas  were  12 
volumes  of  air  and  one  of  gas,  and  six  volumes  of  air  and  one  of 
gas.  As  far  as  1  could  understand  Sir  H.  Davy's  experiments,  they 
led  nearly  to  the  same  result.  He  succeeded  in  exploding  a  mixture 
of  this  gas  and  common  air  by  electricity.  I  could  not  succeed  in 
this,  not  having,  it  seems,  hit  upon  the  exploding  proportions, 
though  I  tried  a  great  many  between  the  two  limits. 

Sir  H.  Davy  constructed  likewise  lanterns  with  valves  to  prevent 
the  escape  of  gas  from  the  lantern  when  it  explodes.  This  would 
certainly  render  the  lantern  safe,  provided  it  can  be  constructed  so 
as  to  allow  the  lamp  to  burn. 

On  Thursday,  Nov.  16,  an  appendix  to  Sir  Humphry  Davy's 
paper  was  read.  He  found  that  the  addition  of  J-th  of  carbonic 
acid  or  of  azote  to  the  exploding  mixture  of  fire-damp  and  air  pre- 
vented the  explosion.  ^ 

A  paper  by  Mr.  Daniel  on  Solutions  was  likewise  partly  read. 
When  an  amorphous  mass  of  alum  was  left  for  some  weeks  in  water 
it  assumed  a  pyramidal  form,  and  the  lower  part  of  it  was  embossed 
by  distinct  octahedral  crystals.  Borax  exhibited  a  similar  appear- 
ance ;  the  lower  part  was  embossed  with  rhomboidal  crystals.  Mr. 
Daniel  conceives  that  in  these  cases  the  cohesion  of  the  solid  re- 
sisted unequally  the  solvent  power  of  the  liquid,  and  that  tlie  upper 
part  of  the  liquid  acted  more  powerfully  than  the  lower.     Hence 
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the  pyramidal  form,  and  hence  the  appearance  of  the  crystalline 
texture.     Tliese  phenomena  were  observed  and  described  long  ago- 
by  Le  Blanc;  but  he  ascribed  the  appearance  of  crystals  at  the' 
under  part  of  the  body  to  the  deposition  of  crystals  from  the  liquid. 
But  the  following  experiments  of  Mr.  Daniel  render  this  opinion 
not  so  probable.     He  put  bismuth  and  antimony  in  very  diluted 
nitric  acid  ;  after  some  days  the  bismuth  exhibited  the  cubic  tex-l 
ture,  which  is  so  striking  in  native  bismuth,  and  the  antimony': 
exhibited  the  appearance   of  rhomboids.      A  number   of  similar" 
experiments  with  other  bodies  were  related,  all  tending  to  prove 
tlie  accuracy  of  the  conclusion  which  Mr.  Daniel  had  drawn. 

On  Thursday,  Nov.  23,  the  remainder  of  Mr.  Daniel's  paper 
was  read.  He  showed  that  the  action  of  water  and  different  solvents 
upon  crystals  was  a  much  more  delicate  test  of  their  structure  than 
mechanical  division.  He  showed  that  the  supposition,  that  the  inte- 
grant molecules  of  bodies  are  spheres,  will  explain  the  structure  of 
alum  crystals  ;  the  octahedral  crystal,  and  all  the  other  crystalline 
forms  which  it  assumes  being  deducible  from  the  arrangement  of 
such  spheres  according  to  the  action  of  gravity,  merely  by  the  ab- 
straction or  non-formation  of  certain  angles  by  the  removal  of  a 
certain  number  of  molecules,  while  the  arrangement  of  the  rest  is 
not  altered  ;  but  the  rhomboidal  crystal  of  carbonate  of  lime,  and 
the  four-sided  prism  of  sulphate  of  magnesia,  cannot  be  deduced 
from  the  arrangement  of  spheres.  Oblong  spheroids,  however,  are 
capable  of  producing  these  forms.  No  other  form  of  the  particles 
but  these  two  are  capable  of  accounting  for  the  structure  of  crystals. 

LINN^AN    SOCIETY. 

On  Tuesday,  Nov.  7,  the  Society  met  after  the  long  vacation. 
A  paper  by  Mr.  Johnson  was  read,  giving  further  information  re- 
specting the  fossil  remains  of  an  animal  found  at  Lynn,  in  Dorset- 
shire. 

A  notice  from  Mr.  Sowerby  was  read,  pointing  out  the  advan- 
tages of  watering  fruit-trees. 

Part  of  a  paper  by  Don  Felix  Brotero  was  also  read,  on  the 
genus  passijiora. 

On  Tuesday,  Nov.  21,  the  remainder  of  Don  Felix  Brotero's 
paper  was  read. 

Tliere  was  also  read  an  account  of  a  considerable  number  of 
specimens  of  cinchona,  by  Aylmer  Bourke  Lambert,  Esq.  They 
had  been  taken  in  a  Spanish  ship,  and  came  into  the  possession  of 
the  author  of  the  paper.  He  was  able  to  distinguish  different 
varieties  of  known  species.  Five  specimens  were  not  referable  to 
any  known  species,  but  appeared  new.  The  yellow  bark  of  the 
shops  is  obtained  from  the  cinchona  hirsuta  of  the  flora  Peruviana, 

There  was  also  read  part  of  a  paper  by  Dr.  Eric  Acharius  on  two 
new  genera  of  lichens. 
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ROYAL   INSTITUTE   OF    FRANCE. 

Account  of  the  Labours  of  the  Class  of  Mathematical  and  Physical 
Sciences  of  the  Royal  Institute  of  France  during  the  Year  1814. 

{Continued  from  p.  229,) 

Mathematical  Part. 

Bv  M.  le  Chevalier  Delambre,  Perpetual  Secretary. 

We  have  -il ready,  in  a  preceding  notice,  briefly  analyzed  tlie 
memoir  of  M.  Biot  on  A  new  application  of  the  Theory  of  the 
OsciUilions  (f  Light,  read  to  the  Class  at  the  end  of  1813.  The 
author  announces  in  it  that  he  has  extended  to  substances  having 
the  most  powerful  double  refraction,  as  arragonite  and  calcareous 
spar,  the  researches  which  he  had  at  first  only  applied  to  substances 
whose  doulile  refraction  is  so  feeble  that  the  images  of  the  luminous 
points  seen  through  plates  with  parallel  surfaces,  and  three  or  four 
centimetres  thick,  which  are  not  sensibly  separated.  He  has  found 
in  that  manner  that  in  these  crystals,  as  in  all  the  others,  the  luminous 
molecules  l)egin  by  oscillating  round  their  centre  of  gravity  to  a 
certain  depth,  after  which  they  acquire  likewise  a  fixed  polarization, 
which  arranges  their  axes  in  two  rectangular  directions. 

To  observe  these  phenomena  in  any  crystal  we  must  attenuate  its 
polarizing  force  till  the  luminous  molecules  which  traverse  it  make 
In  its  interior  less  than  eight  oscillations.  We  accomplish  this  either 
by  forming  with  the  given  crystal  plates  sufficiently  thin,  or  by  in- 
clining them  on  an  incident  polarized  ray  so  as  to  diminish  the 
angle  which  the  refracted  ray  forms  with  the  axis  of  double  refrac- 
tion ;  or,  which  is  more  convenient,  by  employing  these  two 
methods  together. 

We  accomplish  the  same  thing  by  transmitting  first  the  incident 
ray  through  a  plate  of  sulphate  of  lime  of  the  requisite  thickness, 
the  axis  of  which  forms  an  angle  of  45°  with  the  primitive  plane  of 
polarization  ;  for  when  a  my  is  thus  prepared,  in  order  that  it 
ihould  be  decomposed  into  coloured  pencils,  it  is  not  necessary  that 
the  polarizing  force  of  the  second  plate  should  be  very  weak  ;  it  is 
sufficient  that  it  diminishes  in  the  requisite  degree  the  first  impres- 
sions which  it  has  received,  in  order  that  the  difference  of  the 
number  of  oscillations  produced  in  the  two  plates  be  less  than 
eight. 

We  find,  for  example,  that  the  polarizing  force  of  Iceland  spar 
is  expressed  by  18'6",  if  we  take  that  of  sulphate  of  lime  for  unity ; 
or  there  is  required  a  thickness  of  sulphate  of  lime  amounting  to 
]8'G,  to  destroy  the  modifications  given  to  the  rays  of  light  by  a 
thickness  of  1  of  Iceland  spar.  This  ratio  will  be  likewise  that  of 
Iceland  spar;  for  rock  crystal  acts  exactly  like  sulphate  of  lime. 
This  ratio  will  only  be  17"7j  according  to  other  experiments  of  M. 
Malus.  The  difference  is  insensible.  M.  Biot  cannot  decide  which 
is  accurate.    All  the  other  substances  which  he  has  been  able  ta 
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subject  to  a  similar  proof  have  offered  the  same  equality  with  respec 
to  the  polarizing  forces.  This  would  demonstrate,  if  it  were  neces- 
sary, that  the  theory  of  the  oscillations  of  light  attenuates  these 
phenomena  at  their  origin,  and  brings  them  to  the  consideration  of 
the  true  forces  by  which  they  are  produced. 

In  the  work  which  the  same  author  has  published  on  the  polari- 
zation of  light,  M.  Biot  was  led  to  conclude  that  the  lU/ninous 
molecules,  in  traversing  crystallized  bodies,  not  only  undergo 
geometrical  deviations  in  the  position  of  their  axes,  but  thaf  fhey 
acquire  new  physical  properties  which  they  retain,  and  which  in  ake 
themselves  known  in  experiment  by  affections  quite  new.  The 
proofs  of  this  result  depended  upon  a  very  delicate  discussion.  They 
required  the  aid  of  a  great  number  of  experiments.  The  author,  in 
his  memoir  on  the  Physical  Properties  which  the  luminous  Mole- 
cules acquire  in  traversing  doubly  refracting  Crystals,  read  the  22d 
of  May,  1814,  has  sought  for  simpler  proofs  to  establish  so  extra- 
ordinary a  consequence.  The  theory  which  he  had  deduced  from 
it  furnished  him  with  the  simplest  means  of  establishing  it  directly. 

He  begins  by  jjolarizing  a  white  ray  by  means  of  reffect/on  from 
a  mirror.  He  then  transmits  it  perpendicularly  across  a  natural 
plate  of  sulphate  of  lime  of  a  thickness,  e,  which  exceeds  y»-'L.  of  a 
millimetre,  and  the  axis  of  which  forms  an  angle  of  45*^  with  the 
primitive  plane  of  polarization.  The  ordinary  and  extraordinary 
pencils  which  are  produced  proceed  both  in  the  same  direction. 
Further,  from  the  theory  already  established,  these  two  pencils 
proceed  white  ;  and  if  the  thickness  does  not  exceed  a  iexv  centi- 
metres, they  appear  as  if  they  were  polarized  at  right  angles,  one 
in  the  direction  of  the  primitive  polarization,  and  the  other  in  a 
rectangular  direction. 

He  excludes  this  second  pencil  by  transmission  across  a  pile  of 
plate  glasses,  disposed  in  such  a  way  as  to  reflect  totally  without 
acting  in  the  least  upon  the  first  jjencil,  which  remains  alone  visible 
through  the  pile. 

Then  if  we  compare  this  with  a  ray  polarized  in  the  same  direc- 
tion by  simple  reflection  from  a  plate  glass,  we  see  that  they  appear 
perfectly  similar  as  to  the  geometrical  arrangement  of  the  particles 
and  the  direction  of  the  polarization;  for  they  exhibit  exactly  the 
same  phenomena  when  examined  by  a  prism  of  Iceland  crystal,  or 
by  reflection  from  an  inclined  plate  glass.  In  the  first  case  they  are 
resolved  equally  into  two  white  images,  which  disappear  and  reap- 
pear at  the  same  limits.  In  the  second  they  are  reflected  in  the 
same  manner,  and  escape  together  from  the  reflection.  Further,  if 
we  make  them  traverse  thin  plates  of  sulphate  of  lime  or  of  rock 
crystal,  they  give  equally  colouix'd  images,  and  coloured  with  the 
same  tints ;  and  both  cease  to  give  them  when  the  plates  have 
acquired  a  certain  thickness.  But  with  so  great  a  resemblance,  they 
exhibit  a  striking  difference.  Beyond  these  limits,  the  thickness 
always  increasing,  the  lay  polarized  by  simple  reflection  never  gives 
colours  ;  while  the  pencil  that  has  first  passed  the  thickness  e  of 
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sulphate  of  lime,  begins  to  give  colours  anew  when  the  thickness  of 
the  second  plate  of  that  substance  comes  within  the  limits  e  ±  -i-'- 
of  a  millimetre.  It  preserves,  then,  in  this  case,  durable  traces  of 
the  physical  impressions  which  it  had  undergone  in  passing  through 
the  first  crystallized  plate,  and  these  impressions  are  proportional  to 
the  thickness  e  of  that  plate ;  while  the  ray  polarized  by  simple 
reflection  is  modified  completely,  as  if  it  had  passed  a  crystallized 
plate  of  infinite  thickness.  The  difference  between  the  two  rays 
shows  itself  likewise  in  several  other  phenomena  indicated  by  the 
theory,  and  which  it  would  have  been  difficult,  if  not  impossible, 
to  divine  otherwise. 

In  his  preceding  researches  on  doubly  refracting  crystals,  the 
author  has  shown  that  we  may  obtain  extraordinary  and  ordinary 
coloured  pencils  with  thick  plates  as  well  as  with  thin  plates,  by 
opposing  the  polarizing  actions  successively  exercised  by  the  two 
plates  on  the  same  luminous  ray.  When  these  plates  are  of  the 
same  nature,  the  opposition  always  takes  place  when  their  axes  of 
double  refraction  cross  at  right  angles.  But  when  they  are  of  a 
different  nature,  we  must  in  certain  cases  cross  their  axes,  and  in 
others  place  them  parallel  to  each  other.  This  last  case  takes  place 
when  we  combine  plates  of  beryl  with  those  of  quartz.  When  the 
axes  of  these  two  substances  are  placed  in  the  same  manner  rela- 
tively to  a  polarized  ray,  the  impressions  which  they  communicate 
to  it  are  such,  that  if  they  arc  successive  they  destroy  each  other. 
On  the  contrary,  they  continue  and  increase  the  effect  if  their  axes 
are  crossed  at  right  angles,  which  is  precisely  the  opposite  of  what 
we  find  when  we  combine  two  plates  taken  from  the  same  crystal. 
Thus  in  this  sort  of  efTect  which  the  crystals  produce  on  luminous 
particles  traversing  them,  we  must  distinguish  two  modes  of  im- 
pression ditterent  and  opposite  to  each  other,  as  is  the  case  with 
vitreous  and  resinous  electricity,  or  the  north  and  south  poles  of  a 
magnet.  We  may  call  them  guartzy  and  berylly  polarization. 
The  following  is  a  list  of  some  substances  which  arrange  themselves 
under  the  one  or  the  other  of  there  denominations. 

Quartzy  Polarization. — Rock  crystal,  sulphate  of  lime,  sulphate 
of  barytes,   topaz. 

Berylly  Polarization. — Calcareous  spar,  arragonite,  phosphate  of 
lime,  beryl,  tourmaline. 

When  we  combine  together  two  crystals  the  polarization  of 
which  is  of  the  same  nature,  we  must  cross  their  axes  to  obtain  the 
differences  of  their  actions  ;  and  on  the  contrary,  we  must  place 
them  parallel  if  their  polarizations  be  different.  We  see  that  the 
primitive  form  of  a  crystal  has  no  evident  relation  with  the  kind  of 
polarization  which  it  exercises,  no  more  than  it  has  with  the  elec- 
trical properties  of  minerals. 

In  studying  the  action  of  the  tourmaline  on  light,  M.  Biot  ob- 
served in  it  the  singular  property  of  having  double  refraction  when 
thin  and  single  refraction  when  thick.  To  show  these  phenomena, 
he  polished  the  inclined  faces  of  a  large  tourmailine,  so  as  to  form  a 
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prism  whose  angle  was  parallel  to  the  axis  of  the  needle,  which  is 
likewise  that  of  the  primitive  rhomboid.  If  we  look  at  the  flame  of 
a  candle  through  this  prism,  when  we  direct  the  eye  through  the 
thinnest  part,  we  see  two  images  the  brilliancy  of  which  is  sensibly 
the  same ;  one  of  which,  the  ordinary,  is  polarized  in  the  direction 
of  the  axis  of  the  tourmaline;  and  the  second,  extraordinary,  in  the 
direction  perpendicular  to  that  axis.  But  in  proportion  as  we  pass 
to  the  thicker  part  of  the  prism,  the  ordinary  image  become* 
weaker,  and  at  last  disappears  entirely;  while  the  extraordinary 
image  continues  to  be  transmitted  without  undergoing  any  other 
diminution  of  density  than  what  proceeds  from  absorption. 

Tills  property  occasions  various  phenomena,  which  are  easily 
foreseen  when  known,  and  which  experiment  confirms.  They  have 
much  analogy  with  those  that  Dr.  Brewster  has  discovered  in  the 
agate.  In  examining  these,  M.  Biot  has  ascertained  that  they  do 
not  take  place  as  in  the  tourmaline,  but  beyond  certain  limits  of 
thickness  ;  for  when  the  agate  is  made  sufficiently  thin,  it  possesses 
all  the  properties  of  crystals  endowed  with  double  refraction. 

The  memoir  of  M.  le  Baron  Ramond  on  the  Meteorological 
Operations  performed  at  Clermont-Ferrand  since  the  Month  of 
June,  1806,  to  the  end  of  IS  13,  offers  a  general  table  of  the 
observations  which  the  author  has  made  with  the  best  instruments^ 
the  most  assiduous  care,  and  the  precautions  which  a  long  expe- 
rience had  shown  him  to  be  necessary.  They  embrace  the  seven 
years  of  his  residence  in  a  department  which  offers  so  many  objects 
interesting  to  the  curiosity  of  the  philosopher  and  naturalist.  In 
a  preceding  memoir  M.  Ramond  had  shown  the  method  of  deter- 
mining by  the  barometer  the  relative  heights  of  two  stations  at  a 
distance  from  each  other.  Here  he  gives  merely  the  annual  and 
diurnal  heights  of  the  barometer  and  thermometer,  the  influence  of 
seasons  and  the  time  of  the  day,  and  the  periodical  oscillations  ob- 
served in  the  height  of  the  mercury. 

The  memoir  is  terminated  by  three  tables,  each  of  which  offers 
the  mean  results  of  several  thousand  observations.  In  the  first  we 
find  the  mean  height  of  the  barometer  for  seven  years,  the  mean 
heights  of  each  season,  those  of  each  month  at  mid-day,  with  the 
oscillations  at  three  other  epochs,  the  most  critical  of  the  day  : 
finally,  the  accidental  variations,  their  extremes,  and  the  variatioos 
for  each  season  and  each  month. 

The  second  presents  with  the  same  detail  the  degree  of  the  centi- 
grade thermometer  at  mid-day,  with  the  extreme  heights  and  the 
mean  variations. 

'i'he  third  is  consecrated  to  the  meteors.  We  see  the  direction 
of  the  wind,  the  number  of  rainy  and  snowy  days,  of  hail,  of  blight, 
of  fog,  of  hoar  frost,  of  frost,  of  strong  wind,  of  thunder  and  light- 
ning, of  cloudy  and  cloudless  days. 

Of  these  three  tables  the  first  is  that  which  furnishes  the  groatest 
number  of  interesting  remarks.  We  could  not  give  an  exact  idea 
of  it  except  by  copying  the  whole  memoir,  which  is  itself  only  an 
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extract  drawn  up  with  as  much  clearness  as  conciseness.  We 
shall  select  the  remarks  which  are  the  most  interesting  and  the 
shortest.  The  mean  results  of  the  seven  years  differ  very  little  from 
what  might  be  deduced  from  the  first  two  years.  Hence  they  seem 
to  possess  all  the  requisite  certainty;  and  it  is  not  to  be  regretted 
that  the  author  could  not  verify  them  by  a  longer  abode  at  the  Puy 
de  Dome.  . 

The  mean  results  of  the  seven  years  interest  more  particularly  the 
place  that  has  furnished  them.  The  variations  observed  in  each 
season  have  a  more  general  utility.  We  ol)serve  in  them  the  action 
of  regular  causes,  which  subject  the  atmosphere  to  periodical  modi- 
fications. Each  season  has  its  character.  In  summer,  the  mean 
height  of  the  barometer  is  greater;  in  spring,  it  is  less.  The  spring 
is  the  epoch  of  the  greatest  diurnal  oscillations.  They  are  least  in 
winter.  The  accidental  variations,  on  the  contrary,  are  the  greatest 
in  winter,  and  the  least  in  summer. 

We  remark  unequivocal  annual  oscillations  in  the  barometric 
mean,  which  seem  analogous  to  the  horary  oscillations.  The  mer- 
cury is  highest  in  the  month  of  January.  It  descends  till  the 
month  of  April,  when  it  is  lowest.  It  then  mounts  till  the  month 
of  June ;  and  after  remaining  elevated  for  some  time,  it  descends 
till  November,  and  mounts  again  rapidly  to  the  height  of  January. 

The  diurnal  revolution  has  equally  its  annual  phases.  But  pheno- 
mena so  complicated  would  require  a  long  continued  series  of  good 
observations  to  determine  what  we  cannot  yet  see  in  them. 

The  hygrometrical  observations  do  not  appear  in  these  tables.  The 
author  has  ascertained  that  the  variations  in  moisture  have  no  sen- 
sible effect  upon  the  state  of  the  barometer.  They  were  therefore 
indifferent  to  the  main  object  which  he  had  in  view,  and  of  conse- 
quence he  did  not  examine  them  with  the  same  assiduity. 

This  new  memoir  offers  a  model  which  those  persons  will  no 
doubt  follow  who  devote  themselves  to  the  study  of  the  modifications 
of  the  atmosphere.  It  presents  facts  from  which  they  may  set  out, 
either  to  give  more  exactness  to  the  value  of  the  mean  pressures,  or 
to  employ  these  means  more  conveniently  in  barometrical  measure- 
ments. We  find  here  the  complement  of  the  different  inquiries  with 
which  the  author  has  occupied  the  Class  at  different  times,  and  of 
which  we  have  given  extracts  in  our  former  reports. 

The  memoir  of  M.  Poisson  on  Elastic  Surfaces  is  divided  into 
two  parts.  The  first  is  relative  to  flexible  and  non-elastic  surfaces, 
of  which  M.  Lagrange  has  given  the  equation  of  equilibrium  in  the 
new  edition  of  his  Mecanique  Analytique,  i.  149.  M.  Poisson 
comes  to  the  same  equation  by  a  different  method,  which  has  the 
advantage  of  showing  the  particular  restriction  under  which  it  is. 
It  supposes,  in  fact,  a  condition  which  is  not  often  fulfilled,  and 
which  becomes  impossible  in  a  heavy  surface  of  unequal  thickness. 
To  resolve  the  question  completely,  we  must  attend  to  the  differ- 
ence of  tensions  which  the  same  element  experiences  in  two  different 
directions.    We  then  find  equations  of  equilibrium,  wliich  include 
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that  of  the  Mecanlque  Analytique.     They  are  rnuch  fnore  general, 
but  they  are  at  the  same  time  more  complicated. 

I1ie  flexible  surtace  presents,  in  a  parcicular  case,  a  result 
worthy  of  being  remarked.  If  we  suppose  all  the  points  of  it 
pressed  upon  by  a  heavy  fluid,  we  obtain  for  equation  that  which 
M.  Laplace  has  found  for  a  capillary  surface,  concave  or  convex. 
Hence  it  results  that  when  a  liquid  rises  or  falls  in  a  capillary  tube, 
it  takes  the  same  form  as  a  flexible  and  impermeable  piece  of  linea 
filled  with  a  gravitating  fluid. 

After  having  found  the  equation  of  equilibrium  of  a  flexible  sur- 
face, all  the  points  of  which  are  pressed  upon  by  anv  forces,  nothing 
more  is  wanting  to  determine  the  equation  of  an  elastic  surface  than 
to  comprehend  among  the  number  of  forces  those  which  proceed 
from  elasticity.  Tiie  determination  of  this  species  oi  force  forms 
the  object  of  the  second  part  of  the  memoir. 

Whatever  be  the  cause  of  the  elasticity  of  bodies,  it  is  certain 
that  it  must  consist  in  a  tendency  of  their  molecules  to  repel  each 
other,  and  that  this  tendency  may  be  ascribed  to  a  repulsive  force 
which  they  exercise  according  to  a  certain  function  of  their  dis- 
tances. It  is  natural  to  think  that  this  force,  as  well  as  all  the  other 
actions  of  the  molecules,  is  only  sensible  at  imperceptible  distances. 
The  function  which  expresses  its  law  must  be  considered  as  null  as 
soon  as  the  variable  quantity  which  represents  the  distance  is  not 
exceedingly  small.  We  know  that  such  functions  generally  disap-  . 
pear  in  the  calculus,  and  only  leave  in  the  definitive  results  total 
integrals  or  arbitrary  constant  quantities,  which  are  the  data  of  the 
observation.  This  happens  in  the  theory  of  refractions,  and  still 
better  in  the  theory  of  capillary  action,  which  the  author  of  the 
memoir  considers  as  one  of  the  most  beautiful  applications  of  mathe- 
matics to  natural  philosophy.  The  same  thing  holds  in  the  present 
question.  Hence  we  can  express  the  forces  proceeding  from  the 
elasticit)'  of  the  surface  by  quantities  depending  solelv  on  the 
figure,  as  the  principal  radii  of  curvature  and  their  partial  differ- 
ences. In  this  way  M.  Poisson  obtains  an  equation  of  the  elastic 
surface,  the  object  of  his  reseaich.  It  is  not  possible  to  give  these 
formulas  here,  nor  the  derails  of  calculations  oa  which  they  are 
founded  ;  we  are  obliged  to  refer  to  the  memoir. 

The  principal  equation  supposes  the  tliickness  constant,  and 
agrees  only  with  an  elastic  sui^ace  nearly  plane.  It  neither  com- 
preiiends  bells,  nor  other  surface?  which  are  naturalK  curved.  Tlie 
author  comes  to  them  in  another  manner,  which  he  draws  from  the 
principle  of  virtual  velocitie?.  This  manner  is  even  more  simple 
than  the  first;  but  it  leads  to  a  more  complicated  equation,  the 
identity  of  which  with  the  former  it  has  been  impossible  to  verify, 
except  by  a  particular  artifice.  But  in  so  difficult  a  case,  it  is  an 
additional  security  to  have  two  different  methods  wiiich  lead  to  the 
«ame  result. 

After  having  considered  the  problem  a>  a  question  in  general 
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mechanics,  M.  Poisson  makes  an  interesting  application  of  it  to 
one  of  the  most  extensive  and  curious  branches  of  acoustics  ;  that 
is  to  say,  to  the  vibrations  of  elastic  plates,  to  the  figures  which 
they  present,  and  to  the  sounds  which  they  emit,  during  their 
movements.  We  may  suppose  that  the  plate  to  become  sonorous 
separates  very  little  from  a  fixed  plane.  1'his  consideration  puts  it 
in  our  power  to  neglect  all  the  quantities  of  the  second  dimension 
with  respect  to  one  of  the  three  co-ordinates.  Abstracting,  then, 
the  weight  of  the  plate,  and  supposing  that  each  point  of  the  plate 
remains  during  the  movement  in  the  same  perpendicular  to  the 
fixed  plane,  the  author  obtains  a  new  formula  which  divides  itself 
into  two  others,  according  as  the  one  or  the  other  of  the  two  con- 
stant quantities  which  it  contains  are  reduced  to  0.  One  of  these 
particular  equations  had  been  already  found  by  Euler ;  the  other 
occurs  without  sufficient  proof,  or  even  without  any  demonstratioti, 
in  a  piece  sent  for  the  prize  proposed  by  the  Class  of  the  Sciences, 
on  the  Mathematical  Theory  of  the  Vibration  of  Sonorous  Plates, 
verified  by  a  Comparison  with  Experience.  This  prize  is  still  open 
till  the  1st  of  October,  1815,  the  Class  not  having  hitherto  re- 
ceived any  piece  worthy  of  attention,  except  that  to  which  it  has 
given  an  honourable  mention  on  account  of  tliis  same  formula. 
The  author  satisfies  it  by  particular  integrals  composed  of  exponen- 
tials of  the  sine  and  cosine.  In  this  he  followed  the  example  given 
by  Euler.  To  each  of  these  integrals  corrci-ponds  a  particular  figure 
of  the  sonorous  plate,  and  the  sound  which  it  emits  depends  in 
general  on  the  number  of  nodal  lines  which  form  during  these 
vibrations.  The  tones  thus  calculated  agree  in  a  satisfactory 
manner  with  the  experiments  of  Chladny,  and  with  other  experi- 
ments made  by  the  anonymous  autiior.  This  conformity  was  the 
principal  cause  of  the  honourable  mention  made  of  that  memoir. 

M.  Poisson  points  out  another  kind  of  comparison,  much  more 
difficult,  and  which  would  be  relative  to  the  figure  produced,  after 
a  given  manner  of  putting  the  plate  in  a  state  of  vibration.  He 
would  wish,  likewise,  that  the  results  of  the  calculus  were  deduced 
from  the  general  integi'al,  and  not  from  some  particular  integrals. 
Unfortunately  this  equation  cannot  be  integrated  in  a  finite  form 
except  by  definite  integrals,  which  contain  imaginary  quantities 
under  arbitrary  functions  :  and  if  we  make  them  disappear,  as  M. 
Plana  has  done  in  the  case  of  vibrating  cords,  we  obtain  an  equation 
so  complicated  that  it  appears  very  difficult  to  make  any  use  of  it. 

We  see,  then,  that  the  question  of  sonorous  plates  offers  still  to 
the  analyst  sufficient  difficulties  to  surmount  to  account  for  the  deci- 
sion of  the  Class,  who  have  put  off  the  term  of  deciding  the  prize 
till  the  1st  of  October,  1815.  But  the  double  demonstration  of 
the  fundamental  formula  is  a  very  important  step.  It  may  be  here- 
after taken  as  a  datum  of  the  problem  ;  so  that  the  candidates  will 
turn  all  their  efforts  towards  the  integration  of  the  formula,  and  the 
different  methods  of  comparing  it  with  experience.     Those  who 


1815.]  Sclent'ijic  Intelligence.  463 

wish  for  more  details  will  find  them,  with  the  formulas  themselves, 
in  the  Bulletin  de  la  Societe  Fhilomatique  for  1814. 

The  memoir  on  the  Probability  of  Evidence,  by  M.  le  Comte 
Laplace,  read  to  the  Class  on  the  Sth  of  August,  1814,  was  not 
intended  by  the  author  to  make  a  part  of  the  collection  of  our 
memoirs.  It  was  composed  to  complete  a  general  treatise  which 
appeared  in  November  last,  entitled  Theorie  Analytique  des  Proba- 
bilites,  and  in  which  M.  Laplace  has  collected  in  the  most  natural 
order,  and  often  with  considerable  augmentations,  all  that  he  has 
written  at  different  times  en  this  subject,  with  which  he  has  been 
occupied  since  the  commencement  of  his  mathematical  career.  la 
this  chapter,  entirely  new,  which  he  has  devoted  to  testimony,  and 
which  constitutes  the  last  in  the  new  edition,  the  author  considers 
successively  a  single  witness,  or  an  indefinite  number  of  witnesses, 
either  simultaneous  or  successive.  He  estimates  their  probability, 
and  the  law  according  to  which  it  decreases.  He  applies  his  theory 
to  the  sentences  given  either  in  the  first  instance,  or  in  the  courts 
of  appeal.  In  another  chapter,  which  has  the  title  of  Additions, 
we  find  a  new  demonstration  of  the  ratio  of  the  circumference  of  a 
circle  to  its  diameter  in  infinite  series  given  by  VVallis,  and  rigorous 
and  direct  demonstrations  of  some  formulas,  which  in  the  course  of 
the  work  had  only  been  established  by  induction. 

We  have  already  parabolic  tables  of  four  different  forms  :  those 
of  Halley,  of  Lacaille,  of  Berker,  and  of  Saron,  which  may,  at  least 
the  last  three,  claim  the  preference,  according  to  the  methods  which 
we  employ  to  determine  the  unknown  orbit.  M.  Burckhardt,  who 
has  invented  for  this  kind  of  calculation  expeditious  methods,  which 
he  frequently  uses,  has  just  given  to  his  General  Tables  of  the  .Para- 
bolic Movement  of  the  Planets,  a  form  more  appropriated  to  these 
same  methods,  and  which  ought  still  to  abridge  the  calculations. 

(2V  le  continued.) 


Article  XIII. 
SCIENTIFIC  intelligence;  and  notices  of  subjects 

CONNECTED  WITH  SCIENCE. 

I.  Theory  of  Crystals. 

In  Fontenelle's  Eloge  on  Guglielmini,  th.e  well-known  Italian 
philosopher,  who  distinguished  himself  by  his  various  treatises  on 
hydrodynamics,  he  mentions  a  book  of  this  philosopher  published 
at  Venice  in  I705j  and  entitled  De  Salibus  Dissertatio  Physica 
Medico-Mechanica.  Fontenelle's  account  of  this  l>ook  is  as  fol- 
lows :  "  Tile  ground  of  the  whole  work  is,  that  the  first  principles 
of  common  salt,  vitriol,  alum,  and  nitre,  consist,  from  ihcir  ori- 
ginal creation,  of  fixed  and  unalterable  principles,  and  are  indi- 
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visible  with  respect  to  the  determinate  force  or  strength  that  is  in 
matter.  The  primitive  figure  of  the  common  salt  is  a  little  cube  j 
of.  vitriol,  a  rhomboidal  parallelopipedon  ;  of  nitre,  a  prism  whose 
basis  is  an  equilateral  triangle  ;  and  of  alum,  a  quadrangular  pyra- 
mid. From  these  figures  proceed  those  which  they  constantly  affect 
in  their  crystallizations,  provided  that  they  are  kept  as  free  as  pos- 
sible from  all  foreign  mixtures."  This  looks  like  an  anticipation  of 
Haiiy's  doctrine  of  the  primiiive  molecules  of  bodies.  Whether  it 
be  so  or  not,  can  only  be  determined  by  a  perusal  of  the  book  itself, 
which  I  have  never  had  an  opportunity  of  seeing. 

II.  Fluxions. 

Want  of  room  prevented  me  in  the  last  number  from   making 
some  observations  in  answer  to  the  queries  respecting   fluxions, 
proposed  in   p.   394  of  the   present  volume.      When   Professor 
Christison  says  that  fluxions  might  he  easily  understood  by  a  person 
who  has  only  made  himself  acquainted  with  the  first  two  books  of 
Euclid,  I  presume  he  is  far  from  recommending  such  a  plan  to  be 
actually  followed.     He  merely  makes  use  of  the  expression  to  make 
the  reader  sensible  that  fluxions  contain  nothing  mysteriotfs,   and 
that  they   are  easily  comprehended.     To  study  fluxions  with  so 
little  mathematical  knowledge  would  be  useless,  because  the  pupil 
could  not  in  that  early  stage  of  his  progress  apply  them  to  any 
useful  purpose.     The  mode  of  studying  mathematics,  which  ap- 
pears the  simplest  and  easiest,  is  to  learn  the  first  four  books  of 
Euclid ;  then  to  mal<e  the  pupil  acquainted  thoroughly  with  vulgar 
and  decimal  fractions,  and  with  algebra  as  far  as  the  solution  of 
quadratic  equations.     With  this  knowledge  the  fifth  book  of  Euclid 
or  the  doctrine  of  ratios,  which  is  so  important  in  mathematics,  is 
easily  comprehended  by  the  pupil.     A  very  perspicuous  demonstra- 
tion of  the  principal  theorems  in  it  will  be  found  in  Saunderson's 
Algebra.     The  pupil  may  then  study  the  sixth  book  of  Euclid,  and 
make  himself  master  of  the  11th  and  12th.     I  consider  Mr.  Play-, 
foir's  substitution  of  a  variety  of  demonstrations  from  Archimedes 
as  an  improvement  of  the  I'ith  book.     He  may  then  return  back 
to  Algebra,  learn  the   method  of  resolving  cubic  and  biquadratic 
equations,, the   nature   of  equations    in  general,    and    the  various 
modes  of  solving  them  by  approximation.     The  properties  of  figu- 
rate  numbers,  of  logarithms,  and  the  doctrine  of  series  may  also 
be  learned.     The  pupil  then  goes  to  trigonometry,  and  makes  him-  ■ 
self  acquainted  with   plain  and  spherical,  with  the  arithmetic   of 
sines  and  tangents,  and   with  the  practical  method  of  measuring 
heights  and  distances.     He  may  then  go  to  conic  sections,  and 
make   himself  acquainted    with   the    properties    of  the    parabola, 
ellipse,  and  hyperbola.     After  this  fluxions  come  with  propriety. 
The  direct  method  occasions  no  difficulty  whatever,  and  will  yield 
much  pleasure  from  the  facility  with  which  it  enables  the   pupil  to 
draw  tangents  to  curves,  to  solve  the  questions  respecting  maxima 
and  minima,  &c.    Here  an  opportunhy  may  be  taken  of  making 
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the  pupil  acquainted  with  a  variety  of  important  curves,  and  in- 
deed with  the  doctrine  of  curves  in  general.  Lastly,  let  him  pro- 
ceed to  the  inverse  method.  Let  him  accustom  himself  to  resolve 
as  many  problems  as  possible. 

We  have  no  good  elementary  book  on  fluxions  in  English.  The 
best  is  Thomas  Simpson's  fluxions;  but  it  is  very  inelegant,  and 
he  has  been  at  no  pains  to  smooth  the  difficulties.  The  best  books 
in  existence  on  fluxions  are  three  of  Euler,  written  in  Latin,  hii 
introduction  to  the  calculus  of  infinitely  small  quantities,  and  his 
works  on  the  differential  and  integral  calculus.  1  would  be  disposed 
to  make  use  of  them;  but  as  the  notation  is  different  from  our's, 
that  may  be  considered  as  an  objection.  Of  the  French  ele- 
mentary books  the  best  that  I  have  seen  is  Bossut's.  Lacroix 
wants  the  art  of  arranging ;  hence  his  hooks  are  confused,  and  not 
very  fit  for  students. 

in.  Account  of  a  Meteor. 

(To  Dr.  Thomson.) 
MY  DEAR  SIR, 

In  the  last  number  of  your  Annals  of  Philosophy,  Mr.  huki 
Howard  mentions  a  meteor,  which  was  seen  on  the  evening 
of  the  29th  of  last  month,  and  requests  any  person  having  ob- 
served the  same  to  give  him  what  information  they  can.  1  was 
walking  out  in  the  evening  and  saw  the  reflection  of  light  on  the 
ground,  much  like  to  a  large  flash  of  lightning ;  on  looking  up, 
the  meteor  was  then  passing  with  great  velocity  towards  the  north, 
and  also  declining :  it  then  appeared  to  divide  into  a  number  of 
stars,  much  like  a  sky  rocket  when  bursting. 

As  your  Annals  generally  embrace  all  foreign  and  scientific 
intelligence,  I  shall  consider  myself  much  obliged  if  through  the 
Annals  you  would  favour  me  with  the  description  of  a  Portable 
Machine  for  surveying  land,  invented  by  M.  Pictet,  an  account  of 
which  I  believe  is  published  in  the  Archives  des  Decouvertes. 
I  remain,  dear  Sir,  yours  truly, 
Oct.  83,  1815.  ,  R.  W.  B. 

IV.  Queries  respecting  Steam  Engines  and  Steam. 

(To  Dr.  Thomson.) 
DEAR  SIR, 

I  observe  by  the  Newspapers,  that  an  important  improvement 
has  lately  been  made  by  employing  rarified  air  in  place  of  steam, 
as  the  moving  power  of  engines ;  and  the  editor  of  the  Monthly 
Magazine  mentions  that  one  of  these  engines  is  already  at  work, 
which  requires  only  one  twentieth  of  the  fuel  used  by  a  steam 
engine  of  the  like  power.  I  am  sure  it  would  be  very  acceptable  to 
your  numerous  readers,  if  you  would  give  a  particular  description 
of  the  machine,  and  the  reason  how  so  small  a  quantity  of  heat 
produces  so  great  an  effect.  I  have  never  seen  any  account  of  th« 
cpecific  heat  of  steam,  of   different  degrees   of    elasticity :    it  is 
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stated  in  the  last  number  of  the  Phil.  Mag.  that  on  a  trial  with 
Woolfs  engiues  (who  uses  steam  of  high  pressure)  the  effect, 
compared  with  other  engines,  is  as  4625.0  to  11)897,  with  the  same 
quantity  of  fuel.  You  mention  in  your  Annals  of  Philosophy,  &c. 
that  Count  Kumford  found  it  decrease  with  heat  ;  but  do  not 
mention  the  rate.  Is  there  any  method  of  preventing  the  incrus- 
tation on  the  inside  of  steam  engine  boilers  ?  What  quantity  of 
sugar  may  be  obtained  from  a  given  quantity  of  starch  ? 
I  am,  dear  Sir,  your  most  obedient, 

I.S. 

Dundee,  Oct.  17,  1815. 

V.  Uoyal  Geological  Sociely  of  Cornwall. 

Annual  Report  of  the  Council. — In  presenting  this  Annual  Re- 
port the  Council  cannot  resist  the  pleasure  of  congratulating  tlie 
Society  upon  the  active  zeal  with  which  the  various  objects  of  its 
research  have  been  pursued,  and  the  eminent  and  unexampled 
success  which  has  attended  its  labours :  two  years  have  not  yet 
elapsed  since  its  establishment,  and  yet  how  much  has  been 
effected !  the  cabinets  are  respectable,  and  in  some  departments 
even  rich  ;  the  library  is  stored  with  many  splendid  and  instructive 
works,  in  the  various  sciences  connected  with  geology;  and  the 
laboratory  has  been  furnished  with  all  the  apparatus  necessary  for 
the  pursuit  of  analytical  mineralogy ;  numerous  interesting  and 
original  memoirs  have  been  read,  and  a  very  considerable  mass  of 
materials  has  been  collected  for  the  construction  of  a  Geological 
Map  of  the  County ;  the  miner  too  has  been  enlisted  into  our 
service,  and  has  presented  us  with  much  valuable  information  of  a 
practical  nature,  wiiich,  when  digested  and  arranged,  may  tend  to 
solve  the  important  problems  connected  with  the  structure  of  our 
metalliferous  veins,  and  at  the  same  time  he  has  enriched  our  port- 
folios by  the  addition  of  many  beautiful  plans  and  drawings. 

While  ihe  objects  of  scientific  research  have  been  thus  happily 
advanced,  the  interest  of  the  miner  has  excited  equal  attention, 
and  been  promoted  with  equal  zeal  :  the  QLconoraical  Department 
of  the  collection  is  calculated  to  afford  him  much  valuable  instruc- 
tion, it  will  teach  him  the  characters  and  appearances  of  the  dif- 
ferent mineral  substances  employed  in  the  various  arts  and  manu- 
factures of  the  kingdom,  and  enable  him  to  recognize  them  when- 
ever tliey  may  occur  in  his  own  districts,  and  thus  open  to  him 
endless  sources  of  profitable  labour  :  the  council  therefore  take 
this  opportunity  of  soliciting  the  co-operation  of  the  various  mine 
agents,  in  order  that  they  may  more  speedily  enrich,  and  extend 
this  most  important  part  of  the  collection.  Nor  has  the  safety  and 
lives  of  the  miners  been  forgotten  :  it  is  with  infinite  satisfaction 
that  the  council  are  enabled  to  state  that  the  Tamping  Bar  com- 
posed of  a  metallic  alloy,  as  suggested  by  Sir  Rose  Price,  for  the 
prevention  of  these  fatal  explosions  which  so  frequently  attend  the 
use  of  iron  instruments,  through  the  humane  ^nd  able  exertions  of 
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Mr.  William  Clunalls,  has  been  so  modified  as  to  be  free  from  all 
the  former  objections  urged  against  its  utility,  and  has  accordingly 
been  introduced  into  general  use  in  many  of  the  most  extensive 
mines. 

A  valuable  instrument  also  invented  by  Mr.  Chinalls,  called  the 
Shifting  Cartridge,  well  deserves  the  attention  of  the  mine  agent, 
its  object  being  to  deliver  any  given  quantity  of  gunpowder  into  a 
hole  bored  in  a  rock  for  the  purpose  of  blasting  it,  without  that  loss 
and  hazard  which  attend  the  ordinary  method  of  charging. 

From  this  report  the  enlightened  members  of  the  community 
will  be  enabled  to  appreciate  the  value  and  extent  of  the  labours  of 
this  society,  they  will  discover  the  grand  objects  of  the  institution, 
and  be  induced,  it  is  hoped,  to  co-operate  in  extending  its  views  ; 
by  which  the  obscure  art  of  mining  will  be  improved,  the  health, 
comfort,  and  life  of  the  laborious  miner  ensured,  and  the  political 
resources  and  opulence  of  the  county  augmented. 

Comparative  View  of  the  mnnler  c,J  Members  at  the  last  and  on 
the  present  Anniversary. — First  anniversary,  109  ;  withdrawn,  1 ; 
died,  3;  elected  this  year,  36;  total,  141. 

The  Treasurer  reports  that,  although  our  expenses  have  been 
necessarily  great,  the  Society  is  free  from  incumbrances,  and  has 
a  considerable  balance  in  its  favour. 

The  following  papers  have  been  read  this  year : — 

1.  On  a  Recent  Formation  of  Sand-stone,  which  occurs  on  seve- 
ral Parts  of  the  Northern  Coasts  of  Cornwall.  By  John  Ayrton 
Paris,  M.D.  F.L.S.  &c. 

2.  An  Account  of  the  Granite  Veins  at  Forth  Just.  By  John 
Davy,  M.D.  &c. 

3.  Observations  on  the  Gold  found  in  the  Stream  Works  of 
Ladoc.     By  Sir  Christopher  Hawkins,  Bart. 

4.  Contributions  towards  a  Knowledge  of  the  Geological  History 
of  Wood  Tin.     By  Ashurst  Majendie,  Esq. 

5  An  Account  of  the  Relistian  Mine,  in  Gwinear.  By  Joseph 
Came,  Esq. 

6.  A  Sketch  of  the  Geology  of  the  Peninsula  of  the  Lizard. 
By  A.  Majendie,  Esq. 

7.  Answers  to  Geological  Queries  respecting  Lodes.  By  Mr. 
Jolm  Davey,  Associate. 

8.  Answers  to  Geological   Queries.     By  Mr.   John   Stephens, 

Associate. 

9.  On  the  Granite  Veins  traversing  Slate  at  Mousehole,  By 
A.  Majendie,  Esq. 

10.  On  the  Geology  of  the  Coast  west  of  Mousehole,  and  on 
the  Structure  of  the  Scilly  Islands.     By  A.  Majendie,  Esq. 

11.  Additional  Notes  to  a  Memoir  on  a  recent  Formation  of 
Sand-stone.     By  John  Ayrton  Paris,  M.  D.  &c. 

V2.  Hints  on  the  Geology  of  Cornwall.  By  Sir  Humphry 
Davy,  Honorary  Member  of  the  Society. 

13.  An  Account  t>f  a  Tamping  Bar  composed  of  a  Metallic 
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Alloy  ;  and  of  an  Instrument  termed  the  Shifting  Cartridge.     By 
Mr.  W.  Chinails. 

14.  Observations  on  the  Scilly  Islands.     By  Henry  Boase,  Esq. 

15.  An  Account  of  Silver  Mines  in  general,  and  of  those  in 
Cornwall  in  particular.     By  Joseph  Carne,  Esq. 

16.  On  the  Lime-stone  at  Veryan.     By  Samuel  Trist,  Esq. 

17.  An  Account  of  the  Produce  of  the  Copper  Mines  in  Corn- 
wall, Devonshire,  Anglesey,  North  Wales,  and  Ireland,  in  Ore, 
Copper,  and  Money,  for  the  Year  ending  the  30th  of  June,  1815, 
and  of  Tin  raised  in  Cornwall,  in  the  Year  ending  with  Midsummer 
Coinage,  1815.     By  Joseph  Came,  Esq. 

At  the  Anniversary  Meeting,  October  10,  1815,  the  Right 
Honourable  Lord  De  Dunstanville,  &c.  Vice  Patron,  in  the  Chair, 
the  Report  of  the  Council  being  read,  it  was  resolved.  That  it  be 
printed  and  circulated. — That  the  Museum  of  the  Society  be  in- 
vested in  the  following  Trustees  :  Lord  De  Dunstanville,  Vice 
Patron;  Lord  Viscount  Falmouth;  Sir  William  Lemon,  Bart.; 
Sir  Rose  Price,  Bart. ;  Davies  Giddy,  Esq.  M.  P.  President. 

Lord  De  Dunstanville  communicated  to  the  Society,  thatDr. 
Paris  had  been  introduced  to  his  Royal  Highness  the  Prince  Regent, 
the  Patron,  in  order  to  present  him  with  a  Report  of  the  Society, 
and  that  he  had  been  most  graciously  received. 

Thanks  were  voted  to  those  Gentlemen  who  had  contributed  to 
the  cabinet  and  library ;  to  the  authors  of  the  different  memoirs 
read  before  the  Society ;  to  Mr.  Chinails,  and  the  other  mine 
agents,  who  have  exerted  themselves  in  introduping  the  alloyed 
tamping  bar;  to  John  Ayrton  Paris,  M.D.  for  the  zeal  and  ability 
xvith  which  he  has  conducted  the  Society,  and  for  his  Course  of 
Lectures  on  Chemistry  delivered  before  them  last  winter. 

Sir  Rose  Price  Bart,  as  the  representative  of  those  Gentlemen 
who  had  attended  the  Lectures,  stated  that  he  rose  for  the  purpose 
0/  presenting  Dr.  Paris  with  a  piece  of  plate,  of  50  guineas  value,  as 
a  sijiall  testimony  of  their  esteem  and  regard. 

It  was  further  resolved.  That  a  medal  with  an  appropriate  device 
be  immediately  struck,  and  presented  to  those  miners  who  had  con- 
tributed practical  information  to  the  Society,  or  who  had  by  their 
•xertions  promoted  its  views. 

VI.  Prussic  Acid, 

A  most  important  set  of  experiments  on  prussic  acid  has  been 
lately  made  by  M.  Gay-Lussac.  I  shall  lay  the  whole  of  thena 
before  my  readers  as  soon  as  I  can  find  room  for  their  insertion.  In 
the  mean  time  I  shall  give  a  sketch  of  the  results  which  he  ob- 
tained, by  way  of  notice,  that  I  may  satisfy  the  impatience  of 
British  chemists,  and  enable  them  to  examine  the  curious  substances 
which  Gay-Lussac  has  discovered. 

Prussic  acid  may  be  obtained  by  putting  dry  prussiate  of  mer- 
cury into  a  tubulated  retort,  pouring  upon  it  muriatic  acid  in  quan- 
tity not  sufficient  to  decompose  the  whole  priftsiate,  and  applying  a 
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moderate  heat.  Care  must  be  taken  that  none  of  the  muriatic  acid 
passes  over,  and  a  tube  filled  with  dry  muriate  of  lime  should  be 
iuted  to  the  beak  of  the  retort,  in  order  to  absorb  all  the  moisture. 
The  receiver  should  be  surrounded  with  ice.  .     . ,     ,     . 

Prussic  acid,  tlius  prepared,  is  a  colourless  liquid,  having  a 
strong  odour,  and  a  taste  at  first  cooling,  then  hot,  and  violently 
^isonous.  its  specific  gravity  at  45«  is  07058  ;  at  64°  it  is  0-6969. 
It  boils  at  80°,  and  congeals  at  about  6°.  At  that  temperature  it 
crystallizes  regularly.  The  cold  which  it  produces  when  converted 
into  vapour,  is  sufficient,  even  in  summer,  to  congeal  it.  Ihe 
specific  gravity  of  its  vapour  is  0-9360.  This  vapour  was  mixed 
whh  oxygen  gas  at  72°,  and  detonated  in  a  Volta's  eudiometer 
100  measures  of  the  gas  consumed  125  measures  of  oxygen;  100 
measures  of  carbonic  acid  were  formed,  and  there  remained  50 
measures  of  azotic  gas.  100  of  the  oxygen  went  to  the  formation 
of  carbonic  acid,  and  25  to  that  of  water;  hence  the  hydrogen 
present,  if  in  the  state  of  gas,  would  have  amounted  to  50  mea- 
sures. It  is  evident  from  this  analysis,  that  prussic  acid  is  com- 
posed of 

Carbon 1    volume 

Hydrogen ^'^ 

Azote ^'^ 

2-0 
condensed  into  one  volume.    Or  by  weight  of 

Carbon 44-39   2  atoms 

Azote    5171    1 

Hydrogen 3-90   1 

100-00 
Prussic  acid  cannot  be  kept.  It  is  decomposed  spontaneously, 
and  converted  into  prussiate  of  ammonia  and  a  black  matter  com- 
posed of  carbon  and  azote.  Phosphorus  and  iodine  may  be  sub- 
limed in  it  without  alteration.  Sulphur  combines  with  it.  Potas- 
sium put  into  the  vapour  of  prussic  acid  absorbs  it,  while  a  quantity 
of  hydrogen  is  disengaged  equal  to  half  the  volume  of  the  prussic 
vapour  The  potassium  is  converted  into  a  yellow  substance, 
soluble  in  water,  and  converted  by  this  solution  into  prussiate  of 
potash.  From  this  result  it  is  obvious,  that  prussic  acid,  like 
muriatic  acid  and  hydriodic  acid,  is  composed  of  a  radicle  com- 
bined with  hydrogen.  This  radicle  is  obviously  a  compound  of 
two  atoms  of  carbon  and  one  atom  of  azote.  1  his  radicle  may  be 
obtained  in  a  separate  state.  Like  chlorine  and  iodine  it  unites 
with  many  bodies;  hence  prussic  acid,  like  muriatic  and  hydriodic 
acids,  is  composed  of  equal  volumes  of  a  radicle  and  hydrogen  gas 
united  together,  without  any  diminution  of  bulk.  Gay-Lussac  has 
given  the  name  of  cya7iogen  to  the  radicle,  and  of  hydrocyanic 
ncid  to  what  was  forifierly  called  prussic  a£id. 
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VII.  Ci/aiiogeji. 

Cyanogen  is  easily  obtained  by  exposing  what  was  formerly  called 
priissiale  of  mercury,  but  which  Gay-Lussac  has  shown  to  be  a 
compound  of  cyanogen  and  mercury,  to  the  heal  of  a  lamp.  The 
salt  should  be  very  dry.  A  gas  comes  over,  which  must  be  re- 
ceived over  mercury.  It  is  cyanogen  gas.  This  gas  has  a  very 
strong  and  peculiar  odour.  Water  dissolves  it,  and  acquires  a  sharp 
taste.  It  is  inflammable,  and  burns  with  a  blueish  purple  flame. 
•'  Its  specific  gravity  is  1-8064.  It  may  be  exposed  to  a  very  strong 
heat,  without  decomposition.  Water  dissolves  4^  volumes  of  it, 
alcohol  23  volumes,  and  alcohol  and  oil  of  turpentine  at  least  as 
much  as  water.  It  reddens  infusion  of  litmus,  and  combines  with 
the  salifiable  bases,  and  therefore  possesses  acid  properties.  Phos- 
phorus, sulphur,  and  iodine,  may  be  volatilized  in  it  without 
change.  Hydrogen  has  no  action  on  it.  Copper  and  gold  do  not 
combine  vvitii  it,  but  iron  partly  decomposes  it  at  a  red  heat.  Potas- 
sium absorbs  just  as  much  of  it  in  bulk  as  it  separates  of  hydrogen 
from  water. 

For  combustion  it  requires  twice  its  bulk  of  oxygen  gas.  It  deto- 
nates with  great  violence,  ar.  j  with  a  bluish  flame.  100  measures 
of  cyanogen  thus  burn  and  form  200  measures  of  carbonic  acid  gas, 
and  leave  100  measures  of  azote.  Cyanogen  combines  with  several 
of  the  metals.  It  unites  also  with  the  alkalies  and  alkaline  earths. 
When  these  compounds  are  dissolved  in  water,  the  cyanogen  is  de- 
composed, and  converted  into  carbonic  acid,  ammonia,  and  hydro- 
cyanic acid;  and  what  is  curious,  equal  volumes  of  these  three 
substances  are  formed,  supposing  them  all  in  the  gaseous  state. 

VIII.  Chloro-cyanic  Acid. 

BerthoUet  observed  long  ago,  that  when  chlorine  was  mixed 
with  hydro-cyanic  acid,  the  properties  of  this  latter  acid  were  altered. 
Its  smell  became  much  stronger,  and  it  precipitated  iron,  not  blue 
as  before  ;  but  green.  The  new  substance  thus  obtained  was  called 
oxy-prussic  acid,  because  it  was  considered  to  be  a  compound  of 
oxygen  and  prussic  acid.  Gay-Lussac  has  ascertained  that  it  is  a 
compound  of  equal  volumes  of  chlorine  and  cyanogen,  and  on 
that  account  has  given  it  the  name  of  chloro-cyanic  acid. 

To  obtain  it,  he  passed  a  current  of  chlorine  gas  into  h5'dro-cyanic 
acid,  till  that  acid  acquired  the  property  of  destroying  the  colour  of 
a  solution  of  indigo  in  sulphuric  acid.  By  agitating  the  liquid  with 
mercury  he  got  rid  of  the  excess  of  chlorine.  The  liquid  was 
then  distilled.  He  obtained  a  gas  which  was  a  mixture  of  chloro- 
cyanic  acid  and  carbonic  acid ;  biit  chloro-cyanic  acid  is  not  an 
ekstic  fluid,  but  a  liquid.  He  obtained  it  in  that  state  by  filling 
two  thirds  of  a  glass  jar  with  mercury,  and  the  other  third  with  the 
hydro-cyanic  acid,  saturated  with  chlorine.  This  jar  was  placed 
inverted  over  mercury,  under  the  receiver  of  an  air-pump.  Ou 
producing  a  vacuum  the  mercury  and  liquid  were  driven  out  of 
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the  iar.  Atmospheric  air  being  again  admitted  into  the  reeeiver, 
the  mercury  entered  into  the  jar,  and  the  elastic  fluid  condensed 
into  a  liquid  on  its  surface.  This  liquid  was  chloro-cyanic  acxd.  It 
possessed  the  following  properties.  ^ 

It  is  colourless.  Its  smell  is  very  strong,  excitmg  tears.  It 
reddens  litmus,  is  not  inflammable,  and  does  not  detonate  vvhea 
mixed  with  twice  its  bulk  of  oxygen  or  hydrogen  gas.  The  specific 
gravity  of  its  vapour  is  2-1 11 .  Its  solution  in  water  does  not  pre- 
ciuitate  nitrate  of  silver  nor  baiytes  water.  The  alkalies  absorb  it 
co'mpletely.  When  an  acid  is  poured  into  this  solution  the  chloro- 
cyanic  acid  is  decomposed,  and  converted  into  muriatic  acid,  car- 
bonic acid,  and  ammonia.  This  acid  being  composed  of  a  volume 
of  chlorine  unhed  to  a  volume  of  cyanogen,  without  any  diminution 
of  bulk,  is  analogous  to  muriatic  acid,  hydrlodic  acid,  and  dydro- 
cyanic  acid,  only  the  chlorine  performs  the  part  of  the  hydrogen 
which  constitutes  the  acidifying  principle  in  these  last  acids. 

IX.  Dr..  Murray,  of  Edinlurglis,  Method  of  preventing  Explo- 
sions in  Coal-Mines  from  Fire-Damp. 
At  the  second  meeting  of  the  Royal  Society  of  Edinburgh  for 
the  winter  session,  a  paper  was  read,  by  Dr.  Murray,  on  a  plan  for 
lighting  mines  so  as  to  guard. against  explosions  from  the  kindling  of 
fire-damp.     It  had  been  before  explained  to  several  scientific  Gen- 
tlemen, and  announced  in  the  public  papers;  and  an  outline  of  it 
had  been  transmitted  to  Newcastle,  where  a  very  favourable  opinion 
had  been  expressed  with  regard  to  it.     The  leading  idea  on  which 
it  is  founded  is,  that  the  inflammable  gas  constituting  fire-damp 
accumulates  in  the  roof  of  the  passages  and  workings  of  the  mine, 
mingling  with  the  atmospheric  air,  and  at  length  forming  a  mixture, 
which  is  exploded  by  coming  in  contact  with  the  candles  or  lamps 
of  the  miners  ;  and  that  this  mixture  can  never  accumulate  so  as  to 
fill  the  whole  space,  at  least  while  the  mine  is  worked,  for  the  miner 
would  become  affected  by  breathing  the  carbureted  hydrogen  gas, 
independent  of  other  appearances  which  would  indicate  its  pre- 
sence.'   The  simple  means  of  security,  therefore,  against  its  explo- 
sion, is  to  bring  the  air  to  sustain  the  flame  of  the  lamp  or  candle 
from  the  floor  of  the  mine ;  and  this  is  easily  done,  by  burning  the 
lamp  within  a  glass  case,  having  a  small  aperture  at  the  top  to 
admit  of  the  escape  of  the  heated  air  and  smoke,  of  such  a  size  that 
the  current  shall  always  pass  outwards,  and  thus  prevent  any  of  the 
external  air  from  entering  by  it,  and  having  attached  to  the  under 
part  of  it  a  tube  reaching  to  the  floor  of  the  mine  to  convey  the  air 
to  the  flame.     In  the  fixed  lamps  this  tube  may  be  of  iron  or 
copper ;  and  moveable  lamps,  which  the  miner  can  carry  in  the 
Iiand,  may  be  constructed  with  a  flexible  tube  of  prepared  leather, 
varnished,  of  such  a  length  as  to  reach  to  the  floor. 

Besides  the  security  given  by  this  apparatus  by  bringing  the  air 
to  support  the  flame  from  the  floor  of  the  mine,  it  has  other  means 
of  security  :  one  in  particular.  Dr.  M.  remarked,  is  the  rarefaction 
cf  the  air  within  the  case  ;  whence,  if  even  any  mixture  of  inflam- 
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mable  air  were  to  enter,  there  is  little  or  no  probability  that  it  would 
be  inflamed.  He  referred  to  the  experiments  of  Grotthus,  as 
proving  that  mixtures  of  inflammable  gases  with  atmospheric  air, 
or  even  with  oxygen  gas,  cannot  be  inflamed  if  they  are  in  a  certain 
degree  of  rarefaction  :  and  he  quoted  the  observations  of  Dr. 
Thomson,  that  the  exploding  power  of  carbureted  hydrogen  is  not 
considerable,  that  a  certain  proportion  of  it  with  atmospheric  air  is 
necessary  to  enable  it  to  inflame,  and  that  no  mixture  of  fire-damp 
with  atmospheric  air  can  be  made  to  explode  out  of  the  mine.  In 
the  small  quantity,  therefore,  in  which  it  must  be  within  the  lamp, 
in  its  rarefied  state  from  the  heat,  and  with  a  diluted  atmosphere, 
there  is  no  probability  whatever  that  it  would  be  inflamed  :  and  by 
properly  adjusting  the  size  of  the  aperture,  this  might  even  be  car- 
ried so  far  that,  instead  of  inflaming,  it  would  weaken  or  extin- 
guish, the  flame ;  and  still  more,  if  ever  inflammation  or  detona- 
tion should  take  place  within  the  lamp,  there  would  be  no  chance  of 
this  being  communicated  to  the  air  of  the  mine.  If,  notwithstand- 
ing all  these  means  of  security,  danger  should  be  dreaded  in  any 
particular  situation,  it  might  be  effectually  guarded  against  by  con- 
veying pure  air  from  the  bottom  of  the  shaft  through  an  iron  tube, 
V'hich  by  upright  tubes  might  communicate  both  with  the  fixed  and 
moveable  lamps.  This,  however,  would  probably  be  seldom  neces- 
sary. 

The  accumulation  of  the  fire-damp,  when  it  occurred,  would  be 
indicated  by  its  smell,  or  by  its  effect  on  respiration  ;  and  if  it  ever 
proceeded  to  that  extent,  by  its  effect  in  weakening  the  flame  of  the 
lamp;  and  when  suspected,  could  be  easily  ascertained  by  more 
accurate  trials.  Its  discharge  can  be  effected  by  opening  a  more 
perfect  ventilation,  or  "by  the  application  of  a  steam-engine,  or  an 
exhausting  machine. 

This  method  Dr.  M.  suggested  might  even  be  applied  with  safety 
so  as  to  light  the  mines  with  great  economy  and  advantage  by  coal 
gas.  The  same  metiiod  admits  also  of  being  used  with  equal  effect 
to  guard  against  choak-damp,  the  other  deleterious  gas  which  occurs 
in  mines  and  other  situations.  His  paper  will  be  speedily  published. 


♦«  •  The  author  c.f  the  paper  on  the  "  Relation  between  the  Specific  Gravity  of 
Gaseous  Bodies  and  the  Weight  of  their  Atoms"  thinks  it  proper  to  state,  that 
many  of  the  numbers  in  the  fourth  table  in  that  paper,  which  are  stated  to  be 
given  on  the  authority  of  Berzelius,  will  be  found  to  differ  from  those  given  by 
that  chemist  in  the  Annals,  v.  iii.  p.  362,  on  account  of  their  having  been  founded 
on  the  deductions  of  others,  (principally  of  Dr.  Thomson)  from  the  experiment* 
of  Berzelius,  and  not  upon  that  chemist's  own  deductions. 


+  +  +  The  following  note  by  Dr.  Henry  arrived  too  late  to  be  inserted  in  that  part 
of  his  paper  where  he  speaks  of  Mr.  Parkes: — 

"  It  is  but  justice  to  Mr.  Parkes  to  state,  that  I  am  far  from  suspecting  him  ojf 
the  intentional  suppression  jrf  any  fact  respecting  the  history  of  the  new  method  of 
bleaching;  and  that  I  believe  bis  account  to  be  a  faithful  one,  so  far  as  his  means 
of  Luforouitlon  eitended." 
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METEOROLOGICAL    TABLE. 


Barometer.   | 

Thermometer,  | 

Hygr.  at 

\  1815. 

Wind. 

Max. 

Min. 

Med. 

Max. 

Min. 

Med. 

9  a.  m. 

Rain. 

-10th  Mo. 

_  Oct.  23 

S  W 

2939 

2933 

29-360 

57 

39 

48-0 

71 

€ 

26 

E 

29-45  29-43J 

29-440 

53 

32 

42-5 

80 

27 

N  E 

29-65 

29-45 

29-550 

50 

43 

46-5 

81 

•26 

28 

N  E 

29-98 

29-65 

29-815 

51 

43 

47-0 

75 

•35 

^n;;.,  29 

N  E 

29-98 

29-86 

29-920 

56 

47 

51-5 

57 

-""'   30 

N  E 

29.92 

29-86 

29-890 

50 

44 

47-0 

60 

— 

31 

N  E 

29-94 

29-92 

29-930 

51 

36 

43-5 

65 

11th  Mo. 

Nov.  1 

N  E 

2993 

29-92 

29-925 

50 

41 

40-5 

60 

• 

2 

N 

30-23 

29-93 

30080 

51 

33 

42-0 

61 

3 

N 

30-35 

30-23 

30-290 

47 

25 

36-0 

87 

4 

S 

30-35 

30-25 

30-300 

44 

30 

37-0 

70 

— 

5 

S  W 

30-25 

30-17 

30-210 

51 

34 

42-5 

80 

_ 

6 

W 

30-17 

30-06 

30-115 

52 

40 

46-0 

83 

•15 

7 

w 

30-06 

29-99 

30-025 

53 

32 

42-5 

85 

— 

8 

W  29"99 

29-78 

29885 

53 

41 

47-0 

75 

— 

9 

S  W  30-06 

2978 

29-920 

57 

4] 

490 

•35 

> 

10 

s   w 

30-05 

30-02 

30-035 

56 

44 

500 

78 

11 

s   w 

30-02 

29-85 

29-935 

56 

48 

52-0 

78 

— 

12 

s 

29-85 

28-99 

29-420 

57 

48 

52-5 

71 

•75 

13 

w 

2907 

28-95 

29-010 

51 

35 

43-0 

65 

3 

14 

N  W 

29-10 

29-01 

29055 

44 

26 

35-0 

77 

15 

Var. 

29-28 

29-10 

29-190 

41 

27 

34-0 

75 

— 

16 

N  W 

29-50 

29-28 

29-390 

35 

25 

30-0 

90 

8 

0 

17 

N  W 

29-90 

2950 

29-700 

36 

21 

28-5 

85 

— 

18 

N  W 

30-06 

29-90 

29-98O 

35 

18 

26-5 

80 

19 

Var. 

3006 

29-72 

29-890 

35 

25 

30-0 

SO 

20 

N  E 

29*62 

29-60 

29-610 

42 

33 

37-5 

21 

N  E 

29-SO 

29-60 

29-700 

42 

22 

N  E 

3009 
30-35 

29-80 

29-945 

25 

80 

28-95 

29-783 

57 

18 

41-75 

76'!> 

1-97 

The  obserTations  in  each  line  of  the  table  apply  to  a  period  of  twenty-four 
hours,  beginning  at  9  A.  M.  on  the  day  indicated  in  the  first  column.  A  dasli 
•IcBntri,  that  the  result  is  included  in  the  next  following  obBervation. 
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REMARKS. 

Tenth  Month. — 25.  Lightningto  theN.  and  W.  last  evening.  27.  The  wind  changed 
toN.  E.  this  morning:  Cumulastratus,  with  inosculation,  a.m.:  west,  p.m.  28. 
wet,  a.  m. :  fair,  p.  m. :  rain  again  at  night :  windy.  29.  A  brisk  gale  at  N.  E. 
continued  through  the  day  and  night:  a  bank  of  Cumulastraiits  was  visible  in  the 
morning  in  the  S.,  from  which  quarter  Cumuli  were  propagated  northwards, 
changing  the  state  of  the  superior  clouds  as  they  advanced  :  some  Cirri  in  long 
lines  above  the  whole  were  not  affected  :  a  solar  halo  appeared  from  one  to  two, 
p.  m.,  and  the  sky  was  turbid  beneath  the  sun.  30.  a.  m.  completely  overcast : 
windy,  drizzling  at  intervals.  31.  a.  m.  Cirrostraius  tending  lo  Cirrocumulus, 
beneath  large  Cirri  pointing  N.  E.  and  S.  W. :  fair. 

Eleventh  Month. —  1.  Low  Cumidnstratusheuealii  Cirrostraius:  a  breeze  at  N.  E., 
changing  at  night  to  N.  W.,  without  alfccting  the  state  of  the  clouds,  which  were 
dense,  p.  m.  2.  Breeze  at  N.  W. :  a.  m.  Barometer  very  sleiidy  :  Cumulgstratus : 
much  redness  in  the  twilight.  3.  a.m.  clear,  with  Cirrostraius:  slight  hoar 
frost:  coloured  sun-set.  4,  a.m.  clear,  with  a  little  Cirroslratus :  very  white 
hoarfrost,  with  ice:  a  fine  day:  after  sun-set,  a  dull  purple  in  the  E.,  with  a 
little  orange  in  the  W. :  the  moon  conspicuous,  the  crescent  indifferently  defined, 
and  pale.  5.  Rain  by  seven,  a.m.:  after  which  low  Cumulastratus.  6.  a.m.  A 
few  drops,  with  the  winds. :  thenfine.  7.  Cloudy:  rain:  lunarcorona.  8,  Some 
drops,  a.  m. :  then  much  Cirrostraius :  sun-set,  with  streaks  of  brown  and  purple 
on  a  yellow  ground:  moon  visible,  but  its  light  peculiarly  dim:  wind  and  rain 
in  the  night.  9.  Wet  morning:  dripping  day:  lunarcorona;  wind.  10.  Fair, 
with  Cirroslratus.  II.  A  little  rain  at  night  :  Cirrostrafuf!.  12.  A  fair  warm  day: 
■various  clouds  passed  over  with  a  moderate  wind  :  at  evening  the  moon  showed  a 
lucid  corona:  to  which  succeeded,  (the  wind  having  risen  and  veered  to  S.)  a 
continued  exhibition  of  coloured  hales  varying  in  diameter,  formed  on  low,  rapidly 
passing,  curling  clouds,  with  an  occasional  corona,  of  pale  green  or  yellow, 
between:  a  most  tempestuous  night  followed,  with  rain.  13.  Windy:  a  shower, 
p.m.:  the  moon  gold-coloured.  14.  Clear:  wind  moderate.  15.  Cloudy,  a.m.: 
windy:  a  sensible  odour  of  electricity  in  the  air,  at  one,  p.m.  16.  A  snowy 
morning  :  fair,  p.  m.  17.  a.  m.  White  frost :  little  of  yesterday's  snow  remain- 
ing: the  wind  S.  W.  ;  a  bree?'' ;  a  little  rain:  p.  m.  a  waggon  from  the  north 
came  thickly  covered  with  snow  :  wind  brisk  at  N.  at  night.  18.  Hoar  frost :  the 
moon  looks  like  a  map,  so  great  is  the  transparency  of  the  higher  atmosphere, 
19.  Hoar  frost  and  rime  on  the  trees,  bodies  of  thin  mist,  probably  Cirroslratus, 
moved  quickly  over  us  this  morning  from  the  S.  W.  rendering  the  tree  tops  invi- 
sible :  a  fine  day:  Cirrus  and  Cirrostraius  at  night.  20.  a.  m.  Cumulastratus  : 
max.  temp,  at  nine.  21.  a.m.  Cirrus:  Cirroslratus:  mio.  temp,  at  nine, 
22.  Fair,  yvith  hoar  frost. 

RESULTS. 

Prevailing  Winds  Northerly,  interrupted  by  a  Southerly  current,  which  greatly 
depressed  the  barometer,  soon  after  the  middle  of  the  period,  and  was  followed 
by  a  sharp  frost. 

Barometer:  Greatest  height 30"35  inches  ; 

Least 28-95  inches  ; 

Mean  of  the  period  29'783  inches. 

Thermometer :  Greatest  height  57" 

Least 18» 

Mean  of  the  period ...41*75* 

Mean  of  the  hygrometer,  76'5°,     Rain,  1'97  inch. 

Tottenham,  Eleventh  Month,  23,  1815.  L.  HOWARD. 


INDEX. 


AACHEN  mass  of  native  iron,  re- 
covery of,  53. 

Accum,  JNIr.  F.  on  the  method  of  illu- 
minating the  streets  with  coal  gas, 
16. 

Acharius,  Dr.  on  two  new  genera  of 
licheiH,  455. 

Acidity  and  Alkalinity,  on,  181. 

Adiiesive  slate,  absorption  of  gases  by, 
250. 

Africa,  voyage  of  discovery  to,  392. 

Agaric,  mineral,  absorption  of  gases 
"by,  251. 

Ailsa,  craig  of,  structure  of,  61. 

Air,  resistance  of,  to  dillerently  shaped 
bodies,  277. 

Alcyonia,  fossil,  some  new  varieties 
of,  59. 

Amalgam  of  mercury  and  hydrogen, 
234. 

Animal  concretion,  397. 

Apothecaries,  regulations  for  the  exa- 
mination of,  387. 

Arragonite,  crystals  of,  235. 

Asbestus,  lignlforra,  absorption  of 
gases  by,  250. 

Assynt,  lime-stone  formations  at,  de- 
scribed, 60. 

Astronomical  observations,  51,  293. 

— — ^ circles,  improved  method 

of  dividing,   136. 

Athens,  climate  of,  71 — school  of,  77. 

Atkinson,  Mr.  observations  by,  on  Mr. 
Lockhart's  imaginary  cube  roots, 
72,  309. 

Atlantic,  north,  temperature  of,  396. 

Anguste  de  St.  Hilaire,  M.  botanical 
observations  by,  223. 

Azotic  gas,  specilic  gravity  of,  321. 


B. 

Babbage,  C.  lisq.  ob  the  calculation  of 
functions,  68. 

Bakewcll,  Mr.  account  of  a  coal-field 
near  Manchester,  by,  56. 

Beaufoy,  Col.  antropomical  and  mag- 
neticai  observations,  by,  51,  133, 
218,  293,  379— description,  by,  of  ap 
instrument  to  measure  and  register 
the  rise  and  fall  of  the  tide  through 
out  the  whole  Uow  and  ebb,  273. 


Beaufoy,  Henry,  Esq.  instrument,  by, 
to  ensure  the  attention  of  watchmen, 
418. 

Beauvois,  M.  de,  observations  on 
plants,  by,  148. 

Bended  tabular  rents,  junction  of,  43. 

Bennett,  Hon.  Henry  Grey,  account  of 
Tenerifle,  by,  57. 

Benzenburg,  Dr.  on  the  recovery  of  the 
Aachen  mass  of  native  iron,  53. 

Berneaux,  Rl.  Thiebaud  de,  botanical 
observations,  by,  225. 

Berzelius,  Professor,  letter  from,  to 
Professor  Gilbert,  47  —  objections, 
by,  to  Davy's  theory  of  chlorine, 
211. 

Blackfriars  bridge,  numbers  tliat  pass 
it  in  a  day,  71. 

Blumenbach's  arrangement  of  the 
human  species     151. 

Boracic  acid,  native,  71. 

Bossut,  Charles,  biographical  account 
of,  401. 

Brain,  on  the  functions  of,  136. 

Brewster,  Dr.  on  the  multiplication  of 
images  and  colours  which  accompany 
them  in  some  specimens  of  Iceland 
spar,  68 — on  the  new  properties  of 
light  exhibited  in  the  optical  pheno- 
mena of  mother-of-pearl,  and  other 
bodies  to  which  the  superficial  struc- 
ture of  that  substance  can  be  com- 
municated, 135 — on  the  effect  of 
heated  and  cooled  glass  on  light, 
136,  219 — on  the  depolarization  of 
light,  220 — on  pressure,  221 — on  the 
polarization  of  light  by  reflection 
from  different  transparent  bodies, 
222. 

Brotero,  Don  Felix,  on  the  genus 
passifiora,  455. 

Bucholz,  Professor,  experiments  on 
tungsten,  by,  198. 


C. 


Cambridge,    objects  of  study   at  that 

University,  294. 
Camera    lucida,    new    and    important 

combinations  with,  281, 
Canaries,  population  of,  396. 
Carbonate  of  bibinuth,  236,  313. 


47« 


Index, 


Carbo-sulphuret  of  mercury,  2S7. 

Carbureted  hydrogen  gas  in  coal-mines, 
ori^ia  of,  172 — why  not  kindled  by 
sparks,  'i'iG. 

Carlisle,  Anthony,  Esq.  on  the  con- 
nexion between  the  extra-vascular 
and  vascular  parts  of  animals,  68, 
174. 

Chalcedony,  on  vegetable  remains  in, 
65. 

Charcoal,  absorption  of  gas  by,  242. 

Children,  J.  G.  Esq.  on  the  effects  of  a 
very  large  galvanic  battery,  68. 

Chloric  acid,  128. 

Chlorine,  observations  on,  124— objec- 
tions to  Davy's  theory  of,  211. 

Chlnro-cyanic  acid,  470. 

Christison,  Professor,  on  fluxions,  178, 
420. 

Cinchona,  specimens  of,  455, 

Clanny,  Dr.  Reid,  account  of  the  Sun- 
derland lime  formation,  by,  115. 

Clifl,  Mr.  William,  on  the  influence  of 
the  spinal  marrow  on  the  action  of 
the  heart  of  fishes,  222. 

Cloporlae,  respiratory  organs  of,  227. 

Clovclly,  North  Devon,  account  of, 
64. 

Coal-field  at  Bradford,  near  Man- 
chester, described,  56. 

Coal  gas,  mellmd  of  illuminating  the 
streets  by,   17. 

Coal-mines,  on,  lOS — queries  respect- 
ing the  ventilation  of,  410. 

Colours  used  in  painting  by  the  an- 
cients, 222. 

Conybeare,  Rev.  William,  on  the 
origin  of  a  remarkable  class  of 
organic  impressions  occurring  in 
nodules  in  flint,  58 — account  of  Clo- 
■velly,  by,  64. 

Cornwall,  Royal  Geological  Society  of, 
466. 

Coxe,  Dr.  John  Redman,  observations 
on  crystallization,  by,  101. 

Crjslaliization,  observations  on,  101. 

Crystals,  antiquity  of  the  theory  of, 
463. 

Cube  roots  of  binomials,  extraction  of, 
152 — further  observations  on  Mr. 
Lockhart's  extraction  of,  309. 

Cuvier  on  the  months  of  fii>hes,  228. 

Cyanogen  gas,  properties  of,  470. 

D. 

Dalton's  theory  of  chemical  composi- 
tion, observations  on,  371. 

Daniel,  Mr.  on  solution,  454. 

Davy,  Sir  Humphry,  on  iodine,  136 — 
on  the  combustion  of  the  diamond, 
139— on  the  colours  used  by  the  an- 
cients, 222 — ^^his  method  of  p. event- 
ing explosions  in  coal-miaei>,  453. 


Dayy,  Dr.  John,  on  animal  beat,  140. 
Depolarization   of  light,    experimeotc 

on,  220. 
Desvaux,     observations,    by,    on    th« 

AJgae,  149. 
Devar,  island  of,  structure  of,  61. 
Diamond,     combustion      of,      139  — 

largest,  391. 
Dick,  Thomas  Lauder,  Esq.  on  a  toad 

found  in  the  trunk  of  a  beech,  11. 
Distillation,  double,  by  the  same  heat, 

140. 
Donovan,    Mr.    ou   a   new  vegetable 

acid,  66. 
Dorsal  vessel  in  insects,  on  the  uses  of« 

34. 
Draught  of  carriages,  experiments  on, 

106. 
Drig  in  Cumberland,  on  the  vitreoui 

tubes  found  near,  65. 
Dunblane,  mineral  water  of,  analyzed, 

256, 
Dutrochet,  M.  on  the  envelopes  of  the 

foetus,  226. 


E. 


Edgeworth,  R.  L.  Esq.  experiments  by, 
ou  the  draught  of  carriages,  106— 
correction  of  an  error  in  these  expe- 
riments, by,  314. 

Ewart,  Peter,  Esq.  on  the  Daltonian 
theory,  371. 

Explosion  at  the  Success  coal-pit,  near 
Newcastle,  55 — another,  153. 


Fatty  bodips,  nature  of,  156, 

Fig,  varieties  of,  224. 

Flax,   new    mode    of  manufacturing, 

230. 
Fleming,    Rev.  Dr.   on  the  mineralogy 

of  the  Red  Head,  142. 
Floetz   strata   of  England,    older,  re- 
marks on,  20. 
Fluo-arseniate  of  lime,  151. 
Fluxions,  observations  ou,  178,  420^-« 

queries  respecting,  394 — answers  to^ 

464. 
Fcetus,  on  the  envelopes  of,  226. 
Fossil    remains    of   au     animal    most 

nearly  allied  to  fishes,  139. 
Fox,  James,  jun,  Esq.  register  of  the 

weather  in  Plymouth  for  six  months. 

by,  366, 
Fucus  vesiculosus,  396. 


Gadolinite,  151. 

Galena  sublimed  during  the  burning  of 
London  bricks,  304. 


Index;. 


477 


Galramc  battery,  rery  la^g^/ff^^*' 
of,  68— elementary,  described,  209. 

_  experiment,  new,  234, 

Gwes,     abiorption    of,     by    different 
bodies,  241— by  liquids,  33S. 

Gay-Lussac,  observations,  by,  on  chlo- 
rine, 124. 

Gehlen,  A.  F.  death  of,  392. 

Geological    Society,    Transactions    ol, 
56— meetings  of,  140. 

Glass,  heated,  effects  of,  on  light,  13b. 

Gough,  Mr.  John,  ea   the  collision  of 
hard  bodies,  414. 

Great      Britain,       rapid     intercourse 
through,  312. 

Groombridge,  Stephen,  Esq.  on  atmos- 
pherical refraction,  135. 

Guelielmini  seems  to  have  had  so^e  no- 
tionof  the  structure  of  crystals,  4b3. 
Gum-arabic,  analysis  of,  431. 

H. 

Hard  bodies,  on  the  collision  of,  414. 

Heart,  action  of,  experiments  to  de- 
termine on  what  it  depends,  221. 

Heat,  animal,  some  experiments  on, 
140. 

Hemp,  new    mode  of  manufacturing, 

230.  „      ,    J. 

Henry,  Dr.  confirms  Mr.  Rose  s  disco- 
very that  urea  is  wanting  in  urine  in 
hepatitis,  392— on  bleaching  by  oxy- 
muriatic  acid,  421. 

Mr.  Thomas,   his  experiments 

on  bleaching  with  oxymuriatic  acid, 
422. 
Herschell,  Dr.  on  the  satellites  of  the 

Georgium  Sidus,  68. 
Hey,  Dr.  Richard,  on  some  properties 

of  tangents  to  circles,  &c.  135. 
Home,  Sir  Everard,  on  the  respiration 
of  certain  vermes  that  live  in  water, 

69 on  the  mode  of  generation  of  the 

lampree  and  mixine,  63— on  the 
functions  of  the  brain,  136— on  the 
fossil  remains  of  an  animal  allied  to 
fishes,  139 — on  the  influence  of  the 
nerves  on  the  action  of  the  arteries, 

139. 

Horner,  W.  G.  Esq,  on  new  and  im- 
portant combinations  with  the  ca- 
mera lucida,  281. 

Huel  Peever,  account  of,  141.  ' 

Hydro-cyanic  acid,  469. 

Hydroscen  gas,  specific  gravity  of,  322. 

Hydrophaue,  absorption  of  gases  by, 
251. 

I. 


been  found,  142-«on  the  Indurated 
talc  of  the  Zetlands,  142. 

Iceland,  weather  in,  during  1814,  395. 

Indigogen,  75. 

Institute,  labours'of,  146,223,  387,436. 

Instrument  for  peforming  mechanically 
the  involution  and  evolutioa  of 
numbers,  220— for  registering  the 
riie  and  fall  of  the  tide,  273— for 
ensuring  the  attention  of  watchmen, 
418. 

Iodine,  experiments  and  observations 
on,  136— discovery  of,  183— test  of, 

312. 
Johnson,  Mr.  on  fossil  remains  found 

at  Lynn,  455. 
Jorullo,  volcano  of,  146. 
Iridium,  memoir  on,  433. 
Iron,  native,  new  mass  of,  discovered, 

151. 


Jameson,  Profesfor,  on  the  old  red 
sand-stone  formation,  13 — on  the 
placet   where  fossil  elephants  have 


Kater,  Capt.  Henry,  on  an  improved 
method  of  dividing  astronomical 
circles,  136, 

Kid,  Dr.  on  the  production  of  salt- 
petre, 138. 


Labradore,  notices  relative  to  the 
geology  of,  63. 

Lamouroux,  M.  on  the  algse,  149. 

Latreille,  M.  on  the  respiratory  organs 
of  the  cloporta;,  227. 

Linnaean  Society,  meetings  of,  70,  455. 

Lockart,  Mr.  imaginary  cube  roots  of, 
observations  on,  72 — on  the  extrac- 
tion of  the  cube  roots  of  binomials, 
152. 

London  bridge,  numbers  that  pass  over 
it  in  a  day,  71. 

Longmire,  Mr.  John  B.  on  rents,  43, 
213,   411 — on   the  origin  of  carbu- 
reted   hydrogen    gas   in  coal-mines, 
172. 
Luminous  appearance  in  the  heavens, 

393. 

M. 

Macculloch,  Dr.  on  the  jnnction  of 
trap  and  sand-stone  at  Stirling  Castle, 
57  —  miscellaneous  geological  re- 
marks, by,  59— on  quartz  rock,  63 

„n  staffa,  64 — on  vegetable  remalM 

preserved  in  chalcedony,  65— on  the 
Isle  of  Sky,   140. 

Magnetical  observations,  51,  133,  218, 
293    378. 

Mammoth,"  tooth  of,  discovered  ia 
Hudson's  Bay,  148. 

Mauua,  analysis  of,  431. 
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Marcel  de  Serres,  M.  on  the  uses  of  Ihe 
dorsal  vessel  in  insects,  34, 

Jleeischauin,  absorption  of  gases  bv, 
248. 

Meteor,  account  of,  465. 

Meteorological  table,  79, 159,  239,31?, 
399,  473. 

Mines  of  Cornwall  and  Devon,  eco- 
nomy of,  58. 

Montague,  George,  Ksq.  death  of,  77. 

Mother-of-pearl,  optical  phenomena  of, 
135. 

Mountains,  formation  of,  explained, 
411. 

Mouths  of  fishes,  228, 

Moyle,  Mr.  on  valves,  305. 

Murray,  Dr.  John,  analysis,  by,  of 
tlie  mineral  waters  of  Dunblane  and 
Pitcaithly,  256,  347— his  method  of 
preventing  explosions  in  coal-raines, 
471. 


N. 


Jfautical  Almanac  for  1815,  defects  of, 

394. 
Pl^erves,  influence  of,  on  the  action  of 

the  arteries,  139. 
New  curve,  154. 
Nickel-antimonerz,   154. 
^Nomenclature,  chemical,  on,  232. 


Philip,    Dr.    A.   P.   Wilson,    e.\peri- 

ments,  by,  to  determine  on  what  the 

action  of  the  heart  depends,  S21. 
Philips,  Mr.    William,  description  of 

the  crystals  of  oxide  of  tin,  by,  59. 
Philosophical    Transactions    for   1814, 

part  ii.   134— for  1815,  part  i,  219. 
Pitcaithly,  mineral  water  of,  analyzed. 

256. 
Plymouth,  weather  in,  for  six  months, 

366. 
Polar  ice,  account  of,  142. 
Polarization  of  light  by  reflection  from 

transparent  bodies,  222. 
Potassium,  easier  mode  of  obtaining, 

139. 
Pressure,  effects  of,  in  producing  that 

species     of    crystallization      which 

forms    two      oppositely    polarized 

images,  221. 
Prevost,    M.    on    the    equilibrium   of 

radiant  heat,  379. 
Prichard,  Dr.  J.  C.  on  the  older  floetz 

strata   of   England,  20  —  geological 

observations    on    North  AVales,    by, 

363. 
Prout,  Dr.  on  the  analysis  of  organic 

substances,  269. 
Prussic  acid,  nature  of,  468. 


O. 


Quartz  rock,  on,  63. 


Office,    proposal   to  establish  one    in 

Newcastle  to    register  every    thing 

respecting  the  collieries,  388. 
Organic  impressions  on  flint  explained, 

58. 
■  substances,  on  the  analysis  of, 

269. 
Osmium,  memoir  on,  433. 
Orthoceratite  in  marble,   152; 
Ouzel,  water,  or  dipper,  new  ipecies 

of,  142. 
Oxide    of  tin,  crystals  of,  described, 

59. 
Oxygen  gas,  specific  gravity  of,  321. 
Oxymuriatic  acid,  bleaching  by,  on  the 

history  of,  422. 


Parmentier,  M.  biographical  account 
of,  161. 

Parry,  Dr.  on  the  cause  of  the  pulsa- 
tion of  the  arteries,  66. 

Patents,  list  of,  158,  2S7,  316,  397. 

Petit-Thouars,  M.  du,  observations, 
by,  on  plants,  149. 


R. 

Radiant  heat,  on  the  equilibrium  of, 
379, 

Radiatrix,  154. 

Red  head,  mineralogy  of,  142. 

Red  sand-stone  formation,  described, 
13. 

Refraction,  atmospherical,  observa- 
tions on,  135. 

Relation  between  the  specific  gravity 
of  bodies  in  their  gaseous  state  and 
the  weight  of  their  atoms,  32. 

Rents,  essay  on,  43,  213,  411. 

Rogei,  Dr.  on  a  new  instrument  for 
performing  mechanically  the  involu- 
tion and  evolution  of  numbers,  290. 

Rome,  ancient,  number  of  inhabitants 
in,  75. 

Rona,  island  of,  structure  of,  60. 

Royal  Geological  Society  of  Cornwall, 
466. 

Medical  Society  of  Edinburgh, 

prize  by,  for  1816,  70. 

■  Society,  meetings  of,  66,  453, 

Rum,  island  of,  structure  of,  60. 
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Sale  of  minerals,  74. 

Saliva,  397. 

Saltpetre,  on  the  production  of,   138. 

Satellites  of  the  Gcorgium  Sidus,  68. 

Saussure,  Tlieodore  de,  on  the  absorp- 
tion of  the  gases  by  dift'erent  bodies, 
241 — on  the  conversion  of  starch  into 
sugar,  4'24. 

Scoresby,  Mr.  on  polar  ice,  and  the 
practicability  of  going  to  the  north 
pole,  143 — on  the  woaps,  and  the 
size  of  the  whale,  31.'. 

Seppings,  Mr.  his  methou  of  construct- 
ing ships  of  war,   134. 

Septaria,  on  the  formation  of,  408. 

Ships  of  war,  new  construction  of,  134. 

Silk,  raw,  absorption  of  gases  by,  252. 

Skeleton  from  ffiningen  shown  to  be 
that  of  a  salamander,   146. 

Sky,  isle  of,  geological  account  of, 
140. 

Solution,  observations  on,  454. 

Sorbic  acid,  account  of,  66. 

Spinal  marrow,  experiments  to  deter- 
mine its  action  on  the  hearts  of  fishes, 
222. 

Spring  carriages,  on,  314. 

Staffa,  account  of,  64. 

Starch,  on  the  conversion  of,  into 
sugar,  424 — analysis  of,  427. 

Steam  engine,  explosion  of,  236 — 
queries  respecting,  465, 

Steinheilite,  150. 

Storer,  Dr.  John,  on  an  ebbing  and 
flowing  well,  221. 

Stratification,  on,  216. 

Stream,  on  an  ebbing  and  flowing,  221, 

Sugar  of  grapes,  analysis  of,  428. 

—  from  starch,  analysis  of,  427. 

Sulphate  of  lime,  absorption  of  gases 
by,  251. 

Sunderland  lime-stone  formation  de- 
scribed, 115. 

T," 

Table  mountain  at  the  Cape  of  Good 

Hope,  structure  of,  315. 
Talc,  indurated,  of  the  Wetlands,  142. 
Taylor,  Mr.  John,  on  tiie  economy  of 

the  mines  of  (jornwall  and  Devon, 

.58. 
Tenerifte,  geological  account  of,  57, 
TennaiK,  Smilhson,  Esq.  biographical 

accouut  of,  1,81 — on  an  easier  mode 

of  obtaining  potai»ium,  139 — on  the 


means  of  producing  a  double  distil- 
lation  with  the  same  heat,  140. 

Thermometer,  on,  231. 

Toad  found  in  the  trunk  of  a  beech,  11. 

Trap  and  sand-stone,  junction  of,  at 
Stirling  Castle,  57, 

Tungsten,  experiments  on,  198, 


Valves,  queries  respecting,  SOS. 

Vascular  and  extra-yascular  parts  of 
animals,  on  the  connection  between, 
174. 

Vauquelin,  M.  accident  which  hap- 
pened to,  157 — memoir,  by,  on  iri- 
dium and  osmium,  393. 

Urea  wanting  in  urine  during  bepatitia, 
392, 

W, 

Wainewright,  Rev.  Latham,  on  the 
literary  and  scientific  pursuits  at, 
Cambridge,  294. 

Wales,  north,  geological  observations 
on,  363. 

Walker,  Mr.  Alex,  on  the  intellectual 
functions  of  man  and  animals,  26, 
118  —  attempt  of,  to  systematize 
anatomy,  phvsiology,  and  patho- 
logy, 283. 

Water,  resistance  of,  278. 

Webster,  Mr.  Thomas,  on  some  new 
varieties  of  fossil  alcyonia,  59, 

Wells,  Dr.  answer  to  Prevost,  by,  re- 
specting dew,  432. 

Werner's  collection  of  minerals,  7S. 

Wernerian  Society,  meetings  of,   142, 

Whale,  size  of,  74,  313. 

Wilkinson,  Dr.  C.  on  septaria,  408. 

Williams,  J.  Esq.  on  Huel  Peever,  141. 

Wind,  force  and  velocity  of,  277. 

Woaps,  description  of,  313. 

Wdllaston,  Dr.  W.  Hyde,  description 
of  an  elementary  galvanic  battery, 
by,  209. 

Woods,  absorption  of  gases  by,  252, 

Wool,  absorption  of  gases  by,  253, 


Y. 

Yttro-cerite,  150. 

Yule,    Dr.    on    the   germination  and 
economy  of  ferns,  142. 
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ERRATUM  IN  VOL,  V. 
■  P.  397,  line  I,  fat  or  Changelica,  rend  Archangeliea, 


ERRATA  IN   VOL,  VI. 


\ 


P.  78,  line  6  from  bottom,  fnr  eighth,  read  ninth. 
P.  276,  for  X oldens,  read  Holden. 
P.  877,  fourth  columa,  line  16,  for  8-295,  read.  8-285. 
P.  277,  fifth  column,  line  10,  /or  2-268,  rtt&  2-368. 
P.  277,  Bixth  column,  line  16,  for  5-988,  rtai  5-980. 
P.  277,  seyenth  column,  line  7,  for  1-490,  rtai  1-590. 
P.  277,  seventh  celomn,  line  8,  for  2-070,  read  2-079. 
P.  278,  seventh  column,  line  16,  for  1-486,  read  1-480. 
P,  278,  for  43°,  rtad  45°. 

P.  280,  for  setting  more  or  lesi  on  the  same  tack,  read  setting  more  or  less  tail  on 
tbc  (ame  tark. 
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